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REACTION  OF  NITRATES  AND  NITRITES  OF  METALS  OF  THE  FIRST  AND 
SECOND  GROUPS  OF  THE  D.  I.  MENDELEEV  PERIODIC  SYSTEM  IN  MELTS 


VII,  INVESTIGATION  OF  THE  TERNARY  SYSTEM 
LITHIUM.  POTASSIUM.  AND  THALLIUM  NITRATES 

P.  I.  Protsenko  and  I.  K.  ShelomoY 


Chemical  compounds  of  monovalent  thallium  resemble  those  of  the  metals  of  the  first  group  (d  the  D.  L  Mendelej 
periodic  system  in  all  of  their  physico-chemical  properties  But  in  view  of  certain  individual  peculiarities  of  lithium, 
which  differentiate  it  from  the  alkali  metals,  it  seemed  important  to  study  the  reaction  of  thallous  nitrate  with  lithiumj 
nitrate,  and  to  determine  whether  or  not  the  above  analogy  was  reuined  in  melu  with  lithium  niuate. 

For  the  above  reason,  and  also  to  gather  material 
on  t)K'  niuate -nitrite  equilibrium  of  metals  of  the 
first  and  second  group  oi  the  D.  L  Mendeleev  periodic 
system  in  melts^  necessary  for  the  determination  of  the 
general  laws  which  govern  the  course  of  the  reaction, 
the  ternary  system,  lithium,  potassium,  and  thallous 
nitrates,  was  investigated  by  the  thermal  method  of 
physico<hemical  analysis. 

Binary  Systems  Structural  diagratm  of  the 
system  potassium  niuate -thallous  nitrate  were  invest- 
igated  by  A.  G.  Bergman  [IX  A.  P.  Rostkovsky  [2X 
P.  K.  Leman  [3X  and  others.  A  repeat  investigations 
by  the  authors  confirmed  the  general  character  (Fig. 

1).  Thallous  nitrate  does  not  react  chemically  with 
potassium  nitrate  but  frmns  a  simple  eutectic  con¬ 
taining  28  molecular  ^  of  poussiuni  nitrate  and  72f^ 
of  thallous  niuate  *  melting  at  181*. 

The  diagram  of  the  system  lithium  nitrate- 
potassium  nitrate  was  previously  studied  and  re¬ 
potted  by  one  of  the  atahors  [4]  (Fig.  1).  It  also 
shows  a  complete  eutectic  containing  58*9>  of  po¬ 
tassium  niuate, and  42^  of  lithium  nitrate,meltlng, 
at  120*. 

The  structiaaldiagram  of  the  binary  system 
thallous  niuate-lithium  niuate  was  newly  studied 
by  the  authors.  The  liquidts  curve  of  this  system 
consists  of  the  crystallization  of  thallous  nitrate 
and  crystallization  of  lithium  niuate  branches. 

The  eutectic  point  corresponds  to  a  composition 

of  thallous  niuate  and  29.5^  of  lithium  ni¬ 
trate. 

It  could  be  supposed  hom  the  character  of  the 
binary  systems  which  are  the  primary  constituents  of 
the  ternary  system  potassium-thallous-lithium  nitrates, 
that  no  chemical  reaction  between  the  above  com- 
ponenu  would  occur  within  the  ternary  system,  which 
was  indeed  confirmed  experimentally. 


Fig.  1.  Binary  Systems. 
3  -  TlNO,-UNO> 


l-LiNO,-KNO^  2-TlNO,-Kl 


•  Subsequently  the  composition  is  expressed  in 
nulecular  per  cent. 


Sections  of  the  Ternary  System.  In  order  to  study  the 
liquidas  surface  of  the  ternary  system  potassium-thallous- 
lithium  nittates.  8  sections  were  Investigated,  the  character 
and  direction  of  which  are  shown  in  Fig,  2.  As  it  is  appar* 
cm  from  this  figure,  all  of  the  sections  have  the  direction 
from  the  side  thallous  titrate -lithium  nitrate  to  the  apex 
poussiura  nitrate,  ^nctural  dagrans  for  the  sections  are 
given  in  Figs.  3,  4.  and  5. 

The  crystallization  surface  was  shown  (Fig.  6)  by  means 
of  a  projection  of  the  isotherm  triangle  from  the  given  sec¬ 
tions  and  binary  systenos.  The  isotherms  were  taken  through 
20*.  The  composition  of  the  ternary  section  was  found  ex- 
perimemally  and  was  confirmed  by  an  orthogonal  projection 
of  the  mutual  crysullization  curves  on  the  side  of  the  tri¬ 
angle,  thallous  nitrate -lithium  nitrate  (Fig.  7).  The  structural  dia¬ 
gram  of  the  ternary  system  thallous,  lithium,  and  potassium 
nitrates  bebng  to  those  of  the  simplest  type  with  a  ternary 'eut¬ 
ectic.  The  ternary  eutectic  poim  corresponds  to  the  composition 
34^  of  potassium  nitrate.  33^  of  lithium  nitrate,  and  33^  of  thal¬ 
lous  nitrate,  and  melts  at  94*.  Lines  of  mutual  crystallization  on 
the  liqtiidas*  surface  of  the  above  system  are  separated  into  three 
crystallization  poles:  thallous  nitrate,  the  crystallization  area  of 
which  consists  of  22^  of  the  whole  triangle,  lithium  nitrate  with 
a  cry.«tallization  area  of  39%  and  poussium  nitrate,  39^. 


Fig.  3.  Sections  through  the  ternary  system. 

I  -  90»>»  TINO,  ♦  ICflfc  UNO,  -wKNO,. 
n~  19%  TINO,  4  2S%  UNO,-*'KNO,. 

Ill  -65f>  TINO,  ♦  UNOi'^KNO^ 


Section 

Molecular  percents 

Melting  points  of  the 

No. 

KNO, 

UNO, 

TINO, 

compositions  at  the 
transition  poims 

U* 

30 

7 

63 

170* 

*“»*a. 

33 

17 

SO 

142 

b. 

5 

34 

61 

130 

a» 

b. 

35 

22.5 

43.5 

130 

15 

34 

51 

120 

36 

26 

•  38 

120 

V 

25 

34 

41 

110 

34 

30 

36 

108  ’ 

VI 

34 

33 

33 

94 

Nmes.  a  •-composition  at  first  uansition  point;  b*- 
composition  at  second  transition  poim. 


Fig.  4.  Section  through  the  ternary  system. 

IV  -eOjfc  UNO,  +  4fffo  UNO,-^KNO,. 
V-SS>)TlNCU  +  4S^t  UNO.-^  KNO,. 


A  peculiarity  of  the  given  system  is  the  exceptionally  low  melting  point  cf  the  ternary  eutectic,  94*. 

The  melting  point  of  the  ternary  eutectic  is  112*  below  that  of  the  lowest  melting  component  of  the  system,  and 
26  below  that  of  the  lowest  melting  binary  eutectic  consisting  of  lithium  and  potassime  nitrates. 

An  investigation  of  the  ternary  system,  thallous.  lithium,  and  potassium  nirxates,  showed  that  monovalent 
thallium  nitrate  does  not  display  any  tendeiKy  for  chemical  reaction  with  lithium  and  potassium  nitrates,  either 
in  binary,  or  ternary  combinations,  bin  forms  a  simple  eutectic  mixture  with  them.  Thallous  nitrate  shows  a  com¬ 
plete  resemblance  to  the  alkali  roeul  nitrates  in  melts. 


Fig.  G.  Sections  throu^i  the  ternary  system. 

VI - 507  TINO,  ♦  50^  .  UNO,  — KNO,; 

VII-  40>  TINO,  +  &0^  UNO,-»-KNO,t 

VIII - 2ff^  UNO,  ♦  75^?>  UNO, -►KNO,. 


Fig.  6.  Projection  of  the  crystallizatfoo  sur> 
face  of  the  ternary  sysem  based  on  a  tri> 
angle. 


Fig.  7.  Projection  of  the  line  of 
mutual  crystallization  on  the 
side  of  diallium  nitrate  -  lithium 
nitrate  side. 


SUMMARY 

1.  The  ternary  system  thallousHithium-potassium  nitrates  was  investigated  by  the  visual  polythermic  method 
of  physico<bemJcal  aiulysis. 

2.  The  binary  system  thallous  nitrate^ithiuro  nitrate  studied  showed  a  sirojde  eutectic  with  the  melting 
point  132*  containing  70.9^  thallous  nurate  and  29.5^  lithium  nitrate. 

3.  It  was  diown  that  the  ternary  system  belongs  to  those  with  one  ternary  non -variant  point  cf  the  Com¬ 
position:  34^  potassium  nitrate.  333t  lithium  nitrate,  and  33?*  thallous  nitrate,  and  melting  ^int  94  . 

4.  It  was  shown  that  thallous  nitrate,  because  of  its  great  resemblance  in  all  of  its  physico-chemical  i*op“ 
erties  to  lithiun  and  potassium  nitrates^  does  not  participate  in  chemical  reaction  in  melts,  btf  forms  eutectic 
mixtures  with  them  in  binary,  as  well  as  ternary  systems. 
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PREPARATION  OF  PHOSPHOT UNGST IC  ACID 
FROM  PHOSPHORIC  AND  TUNGSTIC  ACIDS 

E.  A.  Nikitina.  O.  N.  Sokolova,  and  I.  I.  Angelov 


An  analysis  and  experimental  evalnatlon  of  literature  results  on  the  methods  for  the  preparation  of  phospho 
tungstic  acid  has  been  given  in  a  paper  by  one  of  the  authors  [1];  the  best  results  of  all  the  methods  tested,  in  re¬ 
lation  to  obtaining  an  individual  preparation,  were  given  by  the  ether  procedure  with  two  subsequent  treatments  trf 
the  heteropoly  acid  with  ether.  In  spite  of  the  fact  that  the  above  method  makes  it  possible  to  obtain  the  individ¬ 
ual  substance,  it  still  contains  inconveniences  which  are  Inevitable  when  one  works  with  such  volatile  solvenu  as 
ether.  For  this  reason,  a  method  for  the  synthesis  of  phosphotungstic  acid  was  subsequently  developed  which  circum¬ 
vented  the  stage  of  the  formation  of  its  eihcrate.  Rosenheim  [2]  considers  that  "the  direct  synthesis  of  heteropoly- 
acids  is  on'y  possible  in  exceptional  cases,  as  for  example,  with  luteo  compounds  and  only  with  poor  yields." 

An  attempt  for  the  direct  synthesis  of  phosphotungstic  acid  from  tungstic  anhydride  and  {Atospboric  acid  in 
aqueous  solution  is  reported  in  Hastings  and  Frediani’s  paper  [3].  In  spite  of  the  fact  that  the  authors  employed  a 
twofold  excess  of  plsosphotic  acid  in  one  of  the  experimenu,  phosi^c^ongstic  acid  was  not  obtained. 

It  is  believed  that  the  lack  of  success  was  due  to  the  fact  that  they  used  tungstic  anhydride  for  the  synthesis, 
which  is  a  substance  with  insufficient  reactivity.. 

The  authors  decided  to  employ  tungstic  acid  for  the  synthesis.  For  this  reason  it  was  necessary,  first  of  all. 
to  determine  whether  the  reaction  between  tungstic  and  i^csphoric  acid  proceeds  according  to  the  equation: 

12H,W04  +  H^4  H^P(Wp^J  +  xHp 

Freshly  precipitated  tungstic  acid  and  phosphoric  acid  (d  1.511)  were  used  as  the  starting  materials. 

Tungstic  acid  was  prepared  from  sodium  tungstate  dissoived  in  water,  calculated  for  a  ratio  of  1:6  relative  to 
the  weight  of  the  salt  used.  The  solmlon  was  filtered,  and  the  tungstic  acid  was  precipitated  horn  it  by  the  addition 
of  a  thin  stream  of  concentrated  nitric  acid  with  continuous  stirring  until  complete  pieciplution.  The  white  curdy 
precipitate  of  tungstic  acid  obtained  was  filtered  on  a  notcelain  filter  and  washed  with  distilled  water  until  the 
absence  of  a  reaction  for  NO^  in  the  residue  (test  with  diphenylamine  and  sulficic  acid).  The  tesidue  was  then 
sucked  and  analysed  foe  the  amoum  of  Kfi  in  it.  The  tungstic  acid  obtained  by  this  method  conuin&d  about  20^ 
of 

The  tungstic  acid,  analyzed  fee  water  corteni,  was  used  for  the  preparation  of  phosphotungstic  aetd. 

A  weighed  sample  of  about  100  g  of  tungstic  acid  of  known  WOj  content  was  placed  into  a  1  liter  round 
baiom  flask.  Phosphoric  acid,  in  an  amount  greater  than  calculated  by  the  above  equation,  was  added  to  it. 

The  total  volume  of  the  leaction  mixture  was  brought  to  about  0.5  liters  by  the  addition  of  vrater:  the  reac¬ 
tion  mixture  obtained  in  this  manner  was  boiled  for  several  hours  with  continuous  mechanical  xtining,  keeping  the 
volume  constam.  The  reactiem  mixture  was  then  cooled,  filtered  from  the  unreacted  tungstic  acid,  and  the  filtrate 
C'aporaed  h  order  to  isolate  the  crystals  of  phosphotungstic  acid. 

In  the  first  two  experiments,  the  tungstic  acid  obtained  from  200  g  of  sodium  tungstate  was  washed  with 
water  heated  almost  to  boilii«.  wherein  the  filtration  of  the  residue  on  the  funnel  was  alternated  with  stlning  in  a 
beaker  with  hot  water  The  IniiiaUy  white,  curdy  residue  became  at  the  end  of  the  wishing  bright  yellow  and 
nssumed  the  form  of  separate  hard  granules.  Two  experiments  on  the  synthesis  of  phosphotungstic  acid  were 
conducted  with  this  yellow  preparation.  Heating  of  the  reaction  mixture  lasted  for  6  hours  in  one  case,  and 
15  in  the  other.  But  in  both  cases,  the  complex  formation  reaction  occurred  only  to  an  insignificant  degree; 
much  unused  tungstic  acid  remained  which  passed  through  the  filter  during  filtration  (colloidal  tungstic  acid). 

In  the  second  experiment,  15  ml  of  concentrated  hydrochloric  acid  was  added  to  the  reaction  mixture  before 
filuation.  The  solution  was  boiled,  and  the  residue  of  the  tungstic  acid  was  then  completely  filtered.  The 
transparent  filtrate  was  evapmated  ca  the  water  bath  until  complete  removal  cf  the  hydrochloric  acid,  and 
then  to  dryi^ess.  but  no  crystals  of  phcephctungsric  acid  could  be  obtained.  Cn’y  a  thin  crystalline  film  of  non¬ 
volatile  substances  was  formed  cm  the  bottom  of  the  dish,  which  was  washed  out'&om  the  reagents  used.  ^ 


The  yeUow  monohydi*te  of  timgstic  acid  was,  therefore,  practically  incapable  of  participating  In  a  complex 
formation  reaction  with  phosphoric  acid. 

A  series  of  orienutir*  experiments  was  then  conducted  on  the  washing  of  the  tungstic  acid  wUh  water  betted 
to  various  temperatures  in  order  to  determine  under  what  condiUons  a  more  reactive  tungstic  acid  would  be  obuincd. 

Tungstic  acid  was  precipiuted  from  200  g  of  sodium  tungsute.  fUteied  on  a  porcelain  filter,  and  separated 
into  four  parts.  Each  of  these  was  washed  until  the  absence  of  a  leaction  for  NOf  in  the  residue,  with  water  heated 
to  various  temperatures. 

250  ml  of  water  was  used  for  each  wash.  The  temperature  of  the  water,  the  amount  of  washings,  and  the  ex¬ 
ternal  appeara.nce  of  the  washed  tungstic  acid  is  given  in  Table  1. 

At  the  end  of  the  washing,  all  four  of  the  resi- 


TABLE  1 

Results  of  the  Washing  of  Tungstic  Acid 


Expt. 

No. 

Temper-  , 
atixe 

(in  •) 

1  Number  I 

i  of  wash- 

1  • 

Ingi  ! 

1  External  appearance  of  the 
washed  acid 

i 

1 

80 

4 

Yellow  having  the  form  of 
granules. 

2 

70 

5 

i 

Light  yellow,  almost  complete¬ 
ly  curdy 

3 

60 

6  ' 

Light  yellow,  curdy 

4 

50 

6 

«  •  m 

dues  were  placed  into  flasks,  arxl  2  ml  of  phosphoric 
acid  and  150  ml  of  water  added  to  themi  the  solu¬ 
tions  obtained  were  boiled  for  2  hours,  cooled  to 
room  temperature,  and  the  volume  of  all  of  the  solu¬ 
tions  adjusted  to  100  ml. 

In  order  to  determine  in  what  case  the  complex 
formation  reaction  proceeded  the  most  completely, 
the  following  method  was  used:  15  ml  of  the  solution 
was  removed  from  each  flask  arxl  5  ml  of  quinoline 
acetate  added  to  each.  ^  the  size  of  the  precipitate 
formed,  it  could  be  judged  in  which  solution  more  of 
the  complex  anion  could  be  found.  The  amount  (tf  pre¬ 
cipitate  was  approximately  equal  for  the  last  three 
samples,  and  considerably  less  in  the  first. 

In  subsequent  experimenu  the  washing  of  the  tungstic  acid  was  effected  with  water  heated  to  60-70*. 

Later,  a  series  of  experiments  was  conducted  in  order  to  determiire  how  much  the  reactivity  of  the  tingstic 
acid  changes  with  time  (aging). 

Tungstic  acid  was  prepared  from  500  g  of  sodium  tungstate,  washed,  and  arulyzed  for  the  amount  of  water 

in  it. 

Part  of  the  tungstic  acid  was  used  for  the  preparation  of  phosphor ungs tic  acid  directly  after  the  washing,  the 
second  experiment  with  the  same  tui^stic  acid  was  conducted  after  one  day.  the  third,  after  two  days,  and  the 
fourth  three  days  after  the  washing  of  the  suning  preparation.  Before  each  experiment,  the  tuttgstic  acid  was  care¬ 
fully  mixed  and  analyzed  for  the  amount  of  H^.  The  phosphoric  acid  was  added  in  an  amount  based  on  the  amouii 
of  WO|  used, according  to  the  equation: 

12WO,  +  H,R04  ♦  xHp'^ 

The  volume  of  the  reaction  mixture  in  all  experiments  was  adjusted  to  0.5  liters  by  the  addition  of  water; 
the  boiling  with  continuous  stirring  and  confflnt  volume  (periodic  addition  of  water)  lasted  for  6  hours. 

In  all  experimenu,  part  of  the  tungstic  acid  did  not  react;  very  little  of  it  remained  in  the  fUst  experiment, 
in  comparison  to  the  others  The  amouiu  of  HfWO^  noticeably  ii^reased  from  the  first  to  the  fourth  experiment 

The  residue  was  filtered  through  a  double  thickness  filter  (the  filtrates  all  were  cloudy),  and  was  arralyzed 
for  the  amount  of  water  in  it  after  weighing 

The  amount  of  starting  tungstic  acid  remaining  in  the  residue,  as  well  as  the  per  cent  WO>  used.  Is  given 
in  Table  2. 


From  ».ie  data  in  Table  2.  it  is  apparent  that  the  reactivity  of  tungstic  acid  is  greatly  diminished  with  aging. 
It  is  necessary  to  use  tungalc  acid  'or  complex  formation  directly  after  the  washir^ 

As  it  was  stated  above,  the  solution  at  the  end  of  the  synthesis,  filtered  poorly  because  the  remaining  tungstic 
acid  passed  through  the  filter  A  series  of  experiments  was  conducted  to  determine  conditions  under  which  the 
prccipiute  could  be  separated  completely. 

obtained  Ln  expe:imen»s  2.  3.  and  4  (Table  2)  were  combmed.  mixed  weU.  and  fUtered  under 
ariour  con.  .tions,  itamely.  through  one-and  twatsheet  paper  filters  on  a  porcelain  filter,  arxi  through  the  same 
amount  of  filters  on  the  us  jalfnnr.€l:  -ho  .v...  -  . The 


TABLE  2 

Effect  of  Aging  of  Tungstic  Acul  on  the  Process  of  Complex  Fcimation 


Expt. 

No. 

Time  between  the  preparation  of 
H,W04  and  its  use  for  the  complex 
formation  reaction 

Used  for  the  synthesis  |  Remaining 
(in  g)  '  (in  r) 

Percent 

WO, 

Moist 

'  Amount  of 
WO, 

Moist  1  Amount  of  used 
HjWOi  WO, 

1 

Directly  after  washing 

115 

20.9 

6  1.67 

92.0 

2 

18  hours 

108 

20.4 

42  •  7.0 

:  65.7 

3 

2  days 

117 

23.0 

68  •  13.5 

;  41.3 

4 

3xlay» 

lU 

22.3 

83  !  16.0 

i  28.2 

filuatioQ  without  vacuum  proceeded  slowly:  then  a  paper  filter  was  placed  on  a  porcelain  funnel  and  a  thin  dense  layer 
of  washed  tungstic  acid  placed  upon  it.  which  served  as  a  filter.  The  residue  was  reuioed  completely  in  this  case. 

As  it  was  established,  the  reaction  between  tungstic  and  phosphoric  acids  docs  not  go  to  completion.  For  this 
reason  the  filtrate,  in  addition  to  the  phosphoiungstic  acid,  contaim  some  free  phosphoric  acid.  In  order  to  obtain 
pure  preparatioirs,  a  crystallization  has  to  be  effected  in  the  presence  of  the  mother  liquor  which  is  difficult  because 
the  acid  is  very  soluble  in  water  and  crystallizes  with  a  large  number  of  molecules  of  water. 

Experiments  conducted  showed  that  it  was  best  to  evaporate  the  filuate  until  the  appearance  of  the  first  crystals 
on  the  surface  of  the  solution  or  on  the  bottom  of  the  dish:  then  the  solution  roust  be  cooled  to  room  temperature,  and 
the  deposited  crystals  of  phosphotur^stic  acid  must  be  separated  at  once.  If  the  above  is  not  done,  an  almost  continuous 
mass  of  fine  crystals  is  formed  which  is  difficult  to  separate  from  the  nx>ther  liquor. 

From  the  filtrate  obtained  in  experiment  1,  Table  2.  14.5  g  of  crystals  was  isolated  which  were 
then  reciystallized;  8.1  g  of  phosphoiungstic  acid  was  obtained  The  ppg content  in  it  amounted  to  2.47^,  based  on 
the  anhydrous  preparation  (theoretical  yield  2.49^>. 

Therefoie,  pure  phosphotungstic  acid  can  be  obtained  by  means  of  the  above  method. 

Therefore,  conditions  were  found  as  a  result  of  the  experiments  conducted,  under  whkrh'the  reaction  between 
tungstic  and  phosphoric  acids  proceeded  to  a  sufficient  degree  of  completion,  and  a  method  for  the  preparation  of  phoa> 
photungstic  acid  without  the  use  of  ether  was  developed. 

The  recommended  method  consists  of  the  following;  tungstic  acid  is  precipitated  from  a  solution  of  sodium 
tungstate  with  the  aid  of  nitric  acid,  which  is  filtered  and  washed  with  distilled  water  heated  to  60  —70*  until  a  rrega- 
tlve  reacUon  for  NOj  in  the  residue  The  acid  obtained  is  analyzed  for  the  amount  of  water  in  it.  and  is  used  at  once 
for  the  preparation  of  phosphotungstic  acid.  The  synthesis  is  conducted  as  reported  above.  At  the  end  of  the  synthesis. 
In  order  to  hasten  the  filtration,  the  solution  is  evaporated  to  *  4  of  the  volume  and  filtered  while  hot  through  a  thin 
layer  of  washed  tungstic  acid.  The  uanspaient  filtrate  is  evap<»ated  until  the  appearance  of  the  first  crystals,  and  the 
isolation  of  these  is  effected  as  stated  above. 

Two  samples  of  phosj^otungstic  acid  were  prepared  by  meam  of  the  proposed  method. 

The  aimuDt  of  tungstic  acid  used,  the  yield,  and  the  results  of  analysis  of  the  samples  obtained  are  given  in 
Table  a 


table  3. 

Results  of  Experiments  on  the  Preparation  of  Phosphotungsic  Acid 
^mple  :  Used  (in  g)  Remaining  ^  WO,  |  Heteropoly  acid  ^  Yield  based  PP$  j  Amount  of 


No. 


Moist  !  WOj  (in  g) 
HjWO^  ' 


Moist  .  WO| 


uied  '  obtained  (in  g)  on  WO,  reacted  phospho-  mother  liquor 
Hydrate  'Anhy~  !  tungstic  |  (in  ml) 

.‘drous  _ i  acid  (in^)  i-  »  •  • : 


360 

79.2 

i  7.2  ! 

91 

j  27.4 

1 

23.6 

540 

91.8 

!  68 

12.0  ' 

87 

,  32.8 

27.2 

32.7 

34.1 


2.46 


,1-12 
:2-5 
I  1-17 
’  2-6 


The  yield  of  the  heteropolyacid  is  given  in  relatwn  to  the  tungstic  acid  reacted. 


2 


2.62 


H  is  better  to  evaporate  the  mother  liquors  separ^ely.  The  amoimt  of  pbospboric  acid  remaining  in  the 
mother  liquor  increases  vriih  the  separation  of  the  crystals  of  phosphotungstic  acid;  they  must  be  combined  with 
the  initial  soluion  for  the  synthesis  of  phosphotungstic  acid. 

The  remaining  tungstic  acid  was  placed  into  a  flask  as)  H3PO4  was  added  to  tc  In  a  quantity  greater 
than  necessarv,  by  calculation,  for  the  ptepaiation  of  the  heteropoly  acid,  and  the  mixtwe  boUed  for  two  bouts; 
about  2^  the  tungstic  acid  used  reacted.  Therefore,  the  remainir^  tungstic  ack)  is  not  very  reactive  and  can* 
not  be  used  directly  for  the  synthesis  of  phosphotungstic  acid;  it  must  be  reconverted  with  sodium  hydroxide  into 
sodium  tungstate  and  the  solution  obtained  combined  with  the  sodium  tungstate  solution  for  the  separation  of 
tungstic  acid  from  it  for  a  new  sjrJbesis  of  the  compounds. 

Pfif  was  detenmned  in  the  form  of  nugnesium  pyrophosphate;  the  precipitation  of  the  anunoniura 
magnesium  phosphate  salt  was  effected  during  the  cooling  of  the  solution  to  3*5^  the  tungsten  was  precipitated 
with  quinoline  after  the  removal  of  the  Pfi^. 

For  the  determlxutlon  01  Na^,  the  heteropolyanion  was  precipitated  with  quinoline  acetate,  and  the 
sodium  determined  as  NajSO^;  the  water  determined  by  heating  a  sample  to  coostant  weight. 

SUMMARY 

1.  Conditions  were  found  for  the  preparation  and  washitig  of  tungstic  acid  capable  of  a  complex  forma¬ 
tion  reaction  with  phosphotungstic  acid;  it  was  shown  that  the  ability  of  tungstic  acid  for  complex  formation 
changes  with  time. 

2.  A  new  method  fer  the  direct  synthesis  of  phosphotungstic  acid  from  phosphoric  and  tungstic  acids 
without  the  use  of  ether  was  developed. 

3.  Methods  are  given  for  the  vbc  of  waste  products:  unreacted  tungstic  acid  and  the  mother  liqnott 
containing  exceu  phosphoric  acid. 

4.  The  yield  of  the  ptepanrion  was  aboiit  33f1i  based  on  the  tungstic  acid  reacted. 
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INVESTIGATIONS  OF  POLYTHIONIC  ACIDS 
II.  HYDROLYSIS  OF  SULFUR  DICHLORIDE 


I.  V.  Yanitsky  and  E.  I.  Patsanskas 


inteimediate  substances,  the  hypothetical  hydiosulfuious  acid  must  be  of  great  importance,  as  was  shown,  even  in 
1935,  by  one  of  the  authors  [11  This  suggestion  was  confirmed  experimentally  by  Goehiing  by  the  hydrolysis  of 
esters  and  alkyl  amides  of  hydrosnlfurous  acid  [21  Goehrlng  found  pentathionic  acid  among  the  products  of  the 
hydrolysis  of  diethyl  hydros ulfite;  the  semlH^uaniitative  character  of  her  experiments,  however,  does  not  allow  a 
conclusion  to  be  made  on  the  mechanism  of  the  formation  of  the  final  products  of  the  spontaneous  decomposixirMi 
of  hydrosulfurous  acfd. 

Sulfur  dichloride  can  be  ccxisidered  a  derivative  of  hydrosulfurous  acid:  Le.,  iu  acid  chloride.  For  this  reason 
it  could  be  expected  that  the  primary  products  of  the  reaction  of  sulfur  dichloride  with  water  would  be  hydrogen  chloc* 
ide  and  the  unstable  hydrosulfurous  acid,  and  that  an  aiulytical  study  of  the  isolated  producu  of  the  hydrolysis  of 
sulfur  dichloride  under  various  conditions  would  throw  light  on  the  reactions  of  hydrosulfurous  acid,  and  in  particular;, 
those  leading  to  the  formation  of  polythionic  acid. 

The  aim  of  the  present  Investigation  w\s  the  systematic  study  of  the  hydrolysis  of  sulfur  dichlocide,  mainly 
on  the  relation  of  the  hydrolysis  products  to  the  acidity  of  the  medium,  which  is  very  important  as  is  knowir  [1] 
for  the  formation  of  polythionic  acids. 

Experimental  method.  Specially  prepared  sulfur  dichloride  containing  32.0^  S  and  68.0^  Cl  was 
used  as  the  starting  material.  Certain  deviations  from  the  stoichiomeulc  composition  of  SC1| (31.1^  S  and  68.9^ Cl), 
were  predicted  by  the  fact  that  sulfur  dichloride,  although  slowly,  dissociates  partly  according  to  the  equation  [3]: 

2SC1,  ^  S/:i,  ♦  C!,.  (1) 


For  this  reason,  a  small  excess  of  sulfur  over  the  stoichiomeuic  composition,  in  other  words,  a  small  impurity 
of  was  necessary  to  avoid  a  considerable  shift  of  this  equilibrium  to  the  tight.  The  sulfur  dichloride  prepared 
was  stored  at  0*  in  sealed  ampoules. 

Experiments  on  the  hydrolysis  were  conducted  in  the  following  maimer:  A  sealed  ampoule,  wbh  an  accurately 
known  amount  of  sulfur  dichloride,  was  placed  into  a  thick'walled  bottle  and  covered  with  water,  or  the  solution  of 
the  desired  composition.  The  ampoule  was  broken  by  energetic  shaking  of  the  hermetically  sealed  bottle,  which 
signified  the  start  of  the  reaction.  The  end  of  the  hydrolysis  was  readily  established  visually  as  the  liquid  sulfur  di- 
chlorlde  is  not  miscible  with  water.  A  considerable  amount  of  colloidal  sulfor  separates  during  the  course  of  the  re* 
action.  After  Its  coagtuation  by  means  of  lanthanum  or  aluminum  chloride,  the  reaction  mixture  was  filtered  through 
a  tared  filter;  the  filtered  and  washed  sulfur  was  dried  at  roosn  temperature  in  a  desiccator  and  weighed.  The  mother 
liquor  was  suujected  to  quantitative  analysis  [4]. 

Hydrolysis  of  sulfur  dichloride  in  pure  water.  The  results  of  four  experiments  are  given  in 
Table  J.  in  which  5  -10  g  of  SClj  was  hydrolyzed  in  400  -500  ml  of  pure  water.  The  analysis  of  the  reaction  mix¬ 
ture  was  effected  in  separate  experiments  after  several  intermediate  times  (4  —19  hours)  from  the  start  of  the  reac¬ 
tion.  The  results  are  more  conveniently  expressed  as  the  per  cent  sulfur  found  in  the  form  of  the  isolated  reaction 
products  in  a  ratio  to  the  total  starting  amount. 

The  experiments  of  this  series  show  that  the  predominant  reaction  products  are  pentathionic  acid  and  element¬ 
ary  sulfur.  The  relative  aiix.unt  of  peraathionic  acid  decreases  with  time,  and  that  of  sulfur  increases.  This  undoubr- 
edly  results  from  the  slow  decomposition  of  pentathioiuc  acid  [5].  Tetra  and  tnihionic  acids  must  also  be  considered 
as  products  of  the  decomposition  of  peraathiooic  acid,  small  quantities  of  which  were  foimd  In  experiment  4,  l.e., 

19  hours  from  the  start  of  the  hydrolysis  of  sulfur  dichloride.  The  absence  of  both  these  acids  in  the  first  three  ex¬ 
periments  leaves  no  doubt  that  the  first  of  the  polythionic  acids  was  pentathionic  acid. 

It  is  alsc  Imporianr  that  in  all  experiments  thiosalfuric  acid  was  found  although  In  small  amounts.  This 
enables  the  mechanism  cf  the  basic  reaction,  the  formation  cf  pecraihionic  acid,  to  be  expressed  by  the  equations 
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TABLE  1 


Hydrolysis  of  Sulfur  Dichloiide  in  Pure  Water 


Expt.  No. 

1 

— 

2 

3 

4 

SC1{  used  (in  g) 

4.369 

9.640 

7.365 

8.142 

Hydrolysis  time* 

(in  hrs) 

4 

12 

15 

11 

Reaction 

Milli- 

I0S 

MiUi- 

I0S 

MiUi- 

‘?>S 

MiUi- 

■  Its 

products 

moles 

moles 

moles 

moles 

0  41 

0.9 

0.63 

0.7 

0.32 

0.4 

2.98 

3.7 

H|Sp, 

0.585 

2.7 

0.48 

1.0 

0.32 

0.9 

0.165 

0.4 

H|SPa 

0 

0 

0 

0 

0 

0 

1.94 

7.1 

HjSp* 

0 

0 

0 

0 

0 

0 

0.52 

2.6 

6.826 

77.9 

13.66 

70.1 

9.51 

64.6 

6.87 

42.2 

H1SO4 

3.02 

6.9 

3.23 

3.3 

4.33 

5.9 

7.90 

9.7 

S 

5.66  •• 

13.0 

23.28  •• 

24.2 

20.8 

28.2 

29.43*  • 

36.1 

Sa,  ♦  2Hp—*-  S(OH),  ♦  2Ha  (2) 

2S(OH),^  HjSPj  +  HP  2H*+  Sp,"  ♦  Hp  (3) 

S(OH)t  2H^p,  ->  H^Pg  *■  2Hp  (4) 

The  amount  of  elementary  sulfur  formed  In  all  experiments,  however,  was  too  great  to  be  explained  by  the 
decomposition  of  penuthituiic  acid.  The  usual  decomposition  of  thiosulfuric  acid 

H|SPt SOs  4^  HP  (5) 


cannot  be  of  much  significance  hereaince  in  all  cases  the  reaction  mixture  contained  only  very  small  amounts  of 
sulfur  dioxide.  In  addition,  the  latter  can  also  be  the  product  of  the  decomposition  of  polythionic  acids.  Therefore, 
elementary  sulfur  must  be  a  waste  product  of  a  side  reaction  occurring  parallelty  with  the  formation  of  pentathionic 
acid. 

The  constant  presence  of  considerable  amounu  of  sulfuric  acid  in  the  reaction  mixture  had  to  be  kept  in 
mind.  Sulfuric  acid  cannot  be  a  decomposition  product  of  polythionic  acids  in  the  given  case;  since  significant 
amounts  of  sulfate  ions  are  formed  by  the  decompcrUlon  of  trithionic  acid  [5],  which  was  not  found  in  any  quan* 
tity  ir  the  first  three  experiments.  Therefore,  sulfixic  acid  also  is  a  product  of  a  side  process  which  accompanies 
the  formation  of  pentathionic  acid. 

A  study  of  the  reaction  of  esters  of  hydrosulfurous  acid  with  various  reducing  agents  {2]  showed  t^t  hydro* 
sulfurous  acid  possesses  strong  oxidizing  propenies  in  addition  to  its  long-known  reducing  properties:  the  product 
of  its  reduction  usually  is  elementary  sulfur.  The  above  resulted  in  speculation  that  the  foxnatirm  of  sulfuric  acid, 
also  partially  the  formation  of  elementary  sulfur  in  these  experiments  is  the  result  of  one  and  the  same  process, 
the  auto  oxidation  of  hydrosulfixous  acid 

3S(OH),  -a  H^4  ♦  2S  ♦  2Hp.  (6) 

In  experiments  2—4.  the  amount  of  sulfur  formed  was  considerably  greater  than  the  ratio  S:H|S04=  2;  1, 
necessary  bom  this  equation.  But  in  experiment  1.  in  which  the  analysis  of  the  reaction  mixture  was  conducted 
a  short  time  after  the  start  of  the  hydrolysis,  this  ratio  was  equal  to  1.87:1;  i.e..  approximately  equal  to  that 
required  by  equation  (6).  In  the  rest  of  the  experiments  of  this  series,  the  amount  of  elementary  sulfur  increased, 
evidently,  as  a  result  of  the  slow  decomposition  of  pentathionic  acid. 

It  mist  also  be  mentioned  that  the  relative  amounts  of  sulfuric  acid  found  in  all  of  these  experiments  were 
of  the  same  oider.ard  even  less  than  found  by  Goehring  [2]  during  the  hydrolysis  of  ethyl  hydrosulfite.  Therefore, 
it  most  be  deemed  unnecessary  to  consider  the  oxidation  of  sulfur  compounds  by  chlorine  as  a  possible  explanation 
for  the  formation  of  sulfuric  acid;  i.e.,  a  noticeable  dissociation  of  sulfur  dichloride  according  to  equation  (1). 

•  Time  from  the  start  of  the  experiment  to  the  moment  of  analysis. 

••Amount  of  S  in  Tables  '  1.  2.  3  and  4  is  in  mUli -atoms. 


Hydrolysis  in  acetate  baffer.  Because hydroch!;,ric  acid  is fonned durii*  the bydioJysii of 
snlftr  dichJoride  in  pure  water,  die  reactior^  of  hydrosalfm>is  acid  leading  to  the  foimationof  the  end  products 
which  were  detected  by  analysis,  proceeds  *n  strong  acidic  medium.  For  this  reason,  in  order  to  study  these  reac¬ 
tions  in  weakly  acidic  media,  salfur  dichicride  was  hydrolyzed  in  d»e  subsequent  experiments  in  aceute  baffet 
srlntion  containirtg  a  large  excess  of  the  buffer  substance.  The  results  of  one  experiment  at  pH  4.7  (Table  2) 
are  given  as  an  example.  From  the  data  of  Table  2.  it  is  apparent  that  a  large  amount  of  sulfur  dichloride  is 

tzansfonned  into  polythionic  acids:  however,  in 


Expt.  No. 

5 

nsedt 

Sa,(ing) 

4.581 

NaCpp,  (in  milli  moles) 

225 

epp,  (in  milli  moles) 

225 

Hydrolysis  time  (in  hts) 

1 

Reaction 

MilU- 

Its 

products 

moles 

SO,- 

0 

0 

sp,- 

3.72 

162 

sp,- 

1.56 

10.2 

sp,- 

2.34 

20.4 

sp,- 

2.82 

3C.7 

S04- 

2.42 

5.2 

s 

8.87 

1 

1  19.3 

1 

TABLE  2  addition  to  pentathionate.  much  trithionate  and 

Hjtoini*  cl  sola  Dichloide  «  pH  4.7  :matliloo«e  »i  (ouO.  Tl.««  ,ppe«  .vldeml, 

_ •  as  a  result  of  the  large  value  of  the  pH  relative 

Expe.  No.  _ j _ 5 _  to  that  of  prsvicus  experiments,  because  the  sia- 

nsedt  bilixy  of  pentathionic  acfd  decreases  with  the  de- 

SQifin  g)  4^1  crease  in  acidity  of  the  medium,  and  it  decomposes 

NaC^/)a  (in  milli  moles)  223  with  the  fosmation  of  the  lower  polythionate  [5]. 

C«Hp«  (in  milli  moles)  225 

....  .  A  more  important  difference  in  comparison 

Hvdrolysli  time  (in  hts)  1  ,  ^  ^  .. 

*  ^ - * - — - p— — : - : — ^ -  witii  the  results  of  hydrolysis  in  pure  water  is  the 

Reaction  KlilU-  IfcS  ,  u 

,  presence  of  very  considerable  amounu  of  thiosulfate 

£ — HE!? - .  - — - ^ -  here.  Thiosuifare  becomes  suble  (6]  at  pH'>  4;  for 

SOa*  0  0  this  reason  there  appear  to  be  conditions  for  the 

Spa*  3.72  16.2  shift  of  the  equilibrium  of  equation  (3)  to  the  right 

SPa*  10.2  aid  foi  the  decrease  in  the  rate  of  formation  of 

SPa*  2.34  20.4  pentathionate  according  to  equation  (4)  [1.  7]. 

Sp,-  2  .82  I  3C.7  Pentathionate.  at  the  low  acidity  of  the  medium. 

SO4”  2.^  5.2  readily  cleaves  1  atom  of  sulfur  [SI  and  the  tetia- 

S  8.87  19.3  thiooate  farmed  in  this  manner  is  itself  decomposed 

'  according  to  the  equation 

2Sp*"5E*^a*  ♦sp,-.  (7) 

The  latter  reaction  is  extremely  accelerated  catalytically  by  thiosulfate  [8J.  Therefore,  it  becomes  under¬ 
standable  why  the  lower  polytbiooates  appeared  in  considerable  annoonts  in  these  experiments  even  an  hour  after 
the  start  of  the  hydrolysis  of  sulfur  dichloride. 

Hydrolysis  in  hydrochloric  acid-  In  the  experiments  described  above  on  the  hydrolysis  of  sulfur 


dichloride  in  pure  water,  all  of  the  reactions  proceeded  with  the  exception  of  the  first  moment  of  the  hydrolysis, 
in  acidic  media  but  urxier  conditions  of  a  gradual  increase  in  the  concentration  of  hydrogen  Ions  since  the  prod¬ 
ucts  of  these  reactions  are  strong  acick  -  hydrochloric  and  pentathionic  acid.  In  order  to  verify  whether  a 
Ixrge  change  in  die  concentration  of  free  acid  had  a  noticeable  effect  on  the  results  of  thexeaction.  sulfur  dichlor- 
ide  was  hydrolyzed,  in  subsequent  experiments,  in  a  large  excess  of  2  H  hydrochloric  acid  (400—500  ml).  Under 
these  conditions  the  change  of  concentration  of  hydrogen  ions  dixing  the  reaction  can  be  considered  almost  insignifi 
cant.  Data  of  three  experiments  ate  given  Jn  which  the  analysis  of  the  reaction  mixture  was  conducted  at  various 
periods  of  time  after  the  stan  of  hydrolysis  (Table  3). 

TABLE  3 

Hydrolysis  of  Sulfur  Dichloride  in  2  N  Hydrochloric  Acid 

Expt.  No.  »  6  t  7  {  8  - ~ 

•  Used:  I  ! 


SCI,  (in  g) 

Hydrolysis  time  (in  hrs) 

5.338 

2.5  i 

1  6.287 

t  3.5 

1  6.810 

_ ! _ - 

Reaction 

j  MUli 

;  ^6 

i  Mini  1 

^s  Milli 

>s 

products 

I  moles 

1 

1  moles  ■ 

moles 

Hpo, 

1  ^ 

0 

1  1 

0.08  > 

0.1  1  0.93 

1.3 

Hpp,- 

1  4.15 

15.5 

2.77 

82  !  1.99 

J 

S.8 

HrSp, 

j  7.08 

66.3 

7.53 

59.9  9.02 

66.4 

HjS 

I  Traces 

0.0 

0.63 

1.0  0 

!  6 

H^4 

!  5.30 

9.9 

7.17 

11.4  2.37  1 

i  3.5 

s 

1  6.46 

i  • 

12.1 

10.37 

9 

17.3  15.72  j 

' 

j  23.0 

1 

The  general  picture  here  is  almost  the  sainc  as  for  the  l^drolysis  in  pure  water.  QiaractezUtically.  here  the 
main  pod uct  is  pentathlonic  acid;  the  lower  polythionic  acids  arc  not  found  at  alL  The  only  essentUl  difference, 
in  comparison  to  hydrolysis  in  pore  water,  was  the  presence  of  considerable  amours  of  thicsulfuric  acid.  This  mast 
be  explained  by  the  fact  that  the  siablUty  of  the  laner.  at  large  concentrations  of  the  side  acids,  increases  with  in¬ 
crease  of  the  concentration  of  hydrogen  ions  [9T. 


Hydrolysis  in  alkaline  medinm.  Polythionates  do  not  usually  feum  in  alkaline  medium.  But  the 
hydrolysis  of  sulfur  dichloride  in  alkaline  solution  was  of  interest  because  of  the  fact  that  here  the  formation  of  large 
amounts  of  thiosulfate  could  be  expected  This  view  results  from  the  following  consLdentlons  Accoidlrjg  to  the 
above  hypothesis,  pentathionate  is  formed  in  acidic  medium  not  directly  from  hydrosulfurous  acid,  but  through  thio- 
sulfuric  acid.  Therefore,  reaction  (3)  must  be  of  great  importance  duri’'g  the  hydrolysis  of  sulfur  dichlhride  Hydro- 
sulfuroiB  acid  is  considered  weak,  while  thiosulfuric  acid  is  a  strong  acid;  for  this  reason  equilibrium  {Si  is  shifted  to 
the  nght  vrith  deaease  of  the  concentration  of  the  hydrogen  iOns.  That  the  above  is  actually  true  is  already  shown 
by  the  results  of  the  hydrolysis  of  sulfur  dichloride  in  acetate  buffer,  where  a  considerable  amount  of  thiosulfate  is 
formed.  If  the  above  assumptions  were  correct,  hydrolysis  in  alkaline  medium  should  lead  to  the  formation  of  still 
more  thiosulfate  This  was  verified  completely  by  experimental  results:  in  experiment  9  (Table  4)  about  60^  of 
sulfur  taken  in  the  form  of  SQ^  was  transformed  into  thiosuifate. 


TABLE  4 

Expt.  No.  9.  -*  Hydrolysis  of  2.576  g  SQj 
in  150  ml  0.8  N  NaOH 


However,  somewhat  unexpected  was  the  presence 
of  a  small  amount  of  uithionate.because  polythionates, 
as  stated  above,  do  not  usually  form  in  alkaline  media. 
The  formation  of  trithionate  can  be  explained  by  the 


Hydrolysis 

time 

1.5  hrs 

■  ' —  heterogeneous  primary  hydrolysis  reaction  of  sulfur  dl- 

10  days  chloride^  sliice  the  latter  is  practically  immiscible  with 

Reaaion  ! 
products 

Milli¬ 

moles 

loS 

,  1  of  a  certain  excess  of  hvdrogen  Ions  is  possible  as  a  result 

'n*^!**  I  . .  . ......  . . . . 

so,- 

spa- 

sPa- 

so/ 

s 

thionate  dl 

0.74 

7.38 

0.60 

1.87 

5.56 

sappears 

2.9 

57.2 

7.0 

7.3 

21.6 

i 

with  time,  dl 

2.35  1 

7.68 

0 

2.12 

1  5.56 

composing. 

’  uic  douikim/  imyci  ujc  4fiw 

9.1  liquid  phases)  i.e.,  conditions  in  which  the  formation  of 

59.6  polythionates  may  occur.  Sirsce  trithionate  is  the  only 

0  polythlonate  which  is  qapable  of  existing  for  any  length 

8.2  of  time  in  alkaline  medium,  iu  presence  can  be  detected 

216  soon  after  the  completion  of  the  hydrolysis  of  sulfur  di- 

chlorlde.  From  the  results  it  is  also  apparent  that  trl- 
as  usual  la  alkaline  medium,  into  thiosulfate  and  sulfite  according  to 

the  equation: 

2S^,-  ♦  60H*  Sp,"  +  450/  +  3Hp. 

For  the  formation  of  trlihionate  by  any  method  known  up  to  now,  the  presence  of  ions  of  sulfuric  acid  is  rieces- 
**ry  [1,2].  la  the  above  case,  a  more  probable  path  for  the  formation  of  trithionate  is  the  reaction  of  hydrosulfurow 
acid  with  bisulfite  Ions: 

S(OH),  2HSO,*  Sp,-  ♦  2Hp.  (8) 

Bis  here  a  question  arises  in  what  manner  4  the  sulfate  formed  during  the  hydrolysis,  which  upon  first  analysis 
is  found  in  very  small  amounts.  It  can  be  supposed  that  the  autoxidation  reaction  of  hydrosulfurous  acid  (equation 
(6))  proceeds  in  two  steps,  of  which  the  first  leads  to  the  formation  of  sulfurous  acid: 

2S(OH),  H^,  +  S  ♦  Hp.  (9) 

It  is  also  possible  that  the  last  reaction  is  an  indepeivdent  side  process  which  occurs  simultaneously  with  the 
other  transformations  of  hydrosulfurous  acid  under  the  given  conditions  of  acidity. 

The  reaction  leading  to  the  formation  of  trithionate  must,  however,  be  evaluated  as  a  side  process  during  the 
hydrolysis  of  sulfur  dlchloride  in  alkaline  medinii\  since  the  main  product  of  the  reaction  is  thiosulfate,  formed  as 
a  result  of  the  shift  of  equilibrium  (3)  to  the  right. 

The  following  simple  calculation  may  be  given  in  favor  of  the  authon*  aeatment  of  the  hydrolysis  of  sulfer 
ichloride  in  alkaline  medium.  Elementary  sulfur  is  formed  as  a  result  of  the  side  reactions  (6)  and  (9);  namely. 

2  g-aioms  for  1  mole  of  sulfate  formed,  and  1  g-etom  for  1  mole  of  sulfite.  Accordii^  to  equation  (8),  2  moles  of 
s^fue  are  consumed  for  the  formation  of  trithionate.  Therefore,  if  the  sulfite  were  formed  ^according  to  equation 
were  partially  consumed  for  the  formation  of  trithionate,  then  as  many  gram-atoms  of  sulfur  roust  have 
separated  as  the  moles  of  sulfite  found  plus  double  the  number  of  moles  of  uithionatc  formed  plus  double  the 


number  of  moles  of  sulfate  found.  According  to  the  data  of  Table  4,  tlie  amount  of  elemenuiy  sulfur  calculated 
la  thli  majmer  is  equal  to: 

0.74  ♦  2-  0,60  ♦2-  1.87  =  5.68  milli*atoins, 

while  5.56  milli**foms  of  sulfur  were  found:  Le..  as  amount  very  close  to  the  calculated. 

In  conclusion  it  must  be  mentioned  that  these  experimental  results  on  the  hydrolysis  of  sulfv  dichloride  in  alkali 
medium  differ  widely  from  the  dau  of  Goehnng  on  the  alkaline  hydrolysis  of  ethyl  hydrosulfite  PX  found 

approximately  the  same  amount  of  thiosulfate  and  sulfite,  and  traces  of  sulfide,  but  no  sulfur  at  all.  Her  results,  how* 
ever,  arouse  donbt\  since  they  give  no  satisfactory  sulfur  balance.  In  addition,  if  there  are  comiderable  of 

oxidation  producu  of  hydros ulfurous  acid  (for  example,  sulfite)  among  theneaction  products,  then  they  must  be  accom¬ 
panied  by  equivaleiu  anmunu  of  reduction  products,  which  Goehring,  besides  uaces  of  sulfide,  did  iu>t  fiixl.  Fu  this 
reason  bet  conclusion  that  sulfite  was  a  main  product,  in  addition  to  thiosulfate,  of  the  spontaneous  decomposition  of 
hydrosulfuxDus  acid  in  alkaline  median  cannot  be  comidered  proved, 

SUMMARY 

1.  The  unstable  hydrosulfurois  acid  formed  during  the  hydrolysis  of  sulfur  dichloride,  is  transformed  into  a  mix¬ 
ture  of  products.  t*>e  .lature  of  which  and  relative  amounu  of  which  depend  on  the  acidity  of  the  medium. 

2.  8y  the  hyorolysis  of  sulfur  dichloride  in  pure  water;  i.e.,  under  conditions  of  acidity  which  arise  from  the 
products  of  hydrolysis  themselves,  the  main  process  is  the  transformation  of  hydrosulfurous  acid  into  pentathionic 
acid. 

3.  Hydrolysis  of  sulfur  dichloride  in  solutions  of  hydrochloric  acid  leads  mainly  to  the  same  processes  and  prod¬ 
ucts  as  I^drolysis  in  pure  water. 

4.  Decrease  of  the  concerxration  of  hydrogen  ions  and  Its  stabilization  by  acetate  buffer  lead  to  a  partial  sta¬ 
bilization  of  the  thiosulfate  formed;  increase.of  the  pH  favors  the  secondary  reactions  leading  to  the  formation  of 
tetra-  and  trithionate. 

5.  In  alkaline  media  the  main  reaction  of  hydrosulfurous  acid  is  its  transibrmatioi!  into  thiosulfate. 

6.  A  side  teaction  proceeds  in  all  cases,  in  addition  to  the  main  one  of  hydrosulfurous  acid  given  above,  as 
a  result  of  which  elementary  sulfur  and  sulfuric  acid,  or  correspondingly,  sulfate,  are  formed.  This  side  reaction  is 
evidently  the  auto^xidation  of  hydrosulfurois  acid. 
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INVESTIGATION  OF  POLVTHIONIC  ACIDS 
III.  FORMATION  OF  POLYTHIONIC  ACIDS 
FROM  SULFUR  DICHLORIDE  AND  THIOSULFATE 


r.  V.  Yanlttky  and  E.  1.  Patsauskaa 


Even  tn  1870  D.  L  Mendeleev  believed  that  the  stiiictuial  fomulas  proposed  by  him  for  the  polythionic  ac 
could  serve  as  starting  points  for  the  development  of  satisfactory  methods  for  the  preparation  of  these  acids  or 
their  salts  [IJ,  This  soon  stimulated  the  Belgian  chemist,  Spring,  to  attempt  to  synthesize  aithionate  and  peouthio- 
nate  by  the  action  of  sulfites  and  thiosulfates  on  sulfur  dichloride.  Spring  actually  obtained  uithionate  by 
sulfia  dichloride  with  a  solution  of  potassium  sulfite,  but  his  attempts  to  obtain  pentathionate  by  an  analogous  method: 
Le.,  by  using  thiosulfate  instead  of  sulfite,  wete  unsuccessful  [2]. 

The  synthesis  of  pentathionate  from  sulfur  dichloride  and  thiosulfate  was  only  recently  accomplished  by  rv^^hring 
and  Feldman  [3].  It  is  based  on  the  reactions: 

SCl,  +  2Hp  ->S<OH),  +  2HCL  (1) 

S(OH),  ♦  2HiSp,  HjSp,  +  2Hp.  (2) 

The  above  authors,  however,  could  not  avoid  side  reactions  during  this  synthesis,  which  proceeded  to  a  conskt- 
erable  extent,  as  a  result  of  which,  under  the  conditions  recommended  by  them,  some  elementary  sulfur  was  formed. 
This  is  understandable  since  the  formation  of  pentathionic  acid,  according  to  equation  (2)  requires  a  considerably 
acidic  medium:  Le.,  not  less  than  that  in  which  the  acid  anions  of  the  suong  thiosulfuric  acid  [4]  can  be  formed. 

The  latter,  as  is  known,  is  unstable  and  decomposes  into  sulfurous  acid  and  sulfur,  which  leads,  without  uking  into 
account  the  exueme  iirstability  of  hydrosulfutous  to  a  series  of  side  processes  and  finally,  to  the  side  products 
of  the  synthesis. 

In  order  to  realize  reaction  (2)  in  such  a  way  that  it  is  least  accompanied  by  side  processes,  it  is  necessary  to 
Introduce  the  hydrosulfutous  acid  at  the  moment  of  its  formation:  Le..  to  hydrolyze  sulfur  dichloride  in  a  solution  of 
thiosulfuric  acid  in  which  the  latter  does  not  cleave  sulftz.  Two  possibilities  exist.  The  first  is  the  use  of  thiosulfate 
in  weakly  acidic  medium,  as  it  cleaves  sulfur  only  very  slowly  at  pH^  3;  the  second  is  the  use  of  fteshly  prepared 
Gll-Bcato’s  solution  containing  essentially  free  thiosulfuric  acid  [5Xas  the  medium  for  the  hydrolysis  of  sulfur  dichlorid 

Both  methods  were  tried  with  the  first  not  leading  to  the  desired  results.  For  this  reason,  without  going  into  de^ 
tall,  it  can  only  be  mentioned  that  the  formation  of  pentathionate  occurs  according  to  equation  (2)  in  weakly  acidic 
medium  (pH  3  to  5),  although  it  is  masked  to  a  great  extent  by  side  processes.  In  addition  to  pentathionate.  con¬ 
siderable  amounts  of  tetrathlonate  and  elementary  sulfia.  as  well  as  small  amounts  of  trUhionate  and  sulfate,  are 
famed.  Evidently,  the  rate  of  reaction  (2)  is  too  slow  under  these  condition^  since  the  concentration  of  acidic  thio- 
sulfuric  anions,  or  the  &ee  acid,  does  not  acquire  a  noticeable  value  under  the  given  acidity  of  the  medium.  Because 
of  this  facL  the  primary  hydrolysis  product  of  sulfur  dichloride.  hydrosulfurous  acid  is  not  able  to  react  quantiutively 
with  thiosulfate,  and  panially  decomposes  in  different  directions,  apparently,  as  it  does  in  the  absence  of  thiosulfate 

(63. 

Because  reaction  (2)  is  related  to  the  consumption  of  hydrogen  ions,  a  considerable  increase  in  its  rate  could 
be  expected  by  the  use  of  thiosulfuric  acid  in  a  sufficiently  acidic  medium,  which  is  Gll-Beato’s  solution.  This 
»lew,  as  will  be  shown  below,  was  completely  proved,  in  addition,  the  study  of  the  action  of  this  solution  on  sul¬ 
fa  dichloride  led  to  a  new  method  for  the  preparation  of  solutions  of  polythionic  acids:  Le  ,  six  and  more  atoms  of 
sulfur  in  die  molecule. 

EXPERIMENTAL 

150  ml  of  concentrated  hydrochloric  acid  (d  1.175)  was  cooled  to  -20“;  a  weighed  amount  of  thiosulfate. 

Initially  dissolved  in  a  small  amourt  of  water,  was  added  with  gemle  shaking  to  the  cold  acid.  Only  sodium  chlor¬ 
ide  precipitated.  An  ampoule  conuining  an  accurately  weighed  amount  of  sulfur  dichloride  was  introduced  into 
me  Gil-Beato  solution  obtained  in  Uiis  manner,  the  bottle  was  tightly  sroppeied.  and  the  ampoule  was  broken  by 
»l^king.  At  the  end  of  the  hydrolysis  (disappearance  of  SCI  J.  the  solution  obtained  was  transferred  into  a  voluraeulc 


flask  and  diluted  to  200  ml  with  concentrated  hydrochloric  acid.  The  solution  was  stored  at  0*.  The  analysis  was 
conducted  by  a  method, develop^  by  one  of  the  authors.for  Gil*Beato's  solution,  and  which  made  possible  the  de- 
teiminaiionof  thiosulfuric  acid,  the  number  of  moles  of  polythionic  acid,  average  mimbei  of  sulfur  molecules  in 
the  latter  (n).  and  the  sum  SO,  +  H,S  [5].  This  sum  could  be  practically  considered  as  sulfurous  acid,  since  hydro¬ 
gen  sulfide  appeared  only  in  uaces.  Elementary  sulfur  did  not  form  at  aU  during  tne  hydrolysis  of  sulfur  dichloride 
in  Gil-Beato's  solution. 


TABLE  1 

Hydrolysis  of  Sulfur  Dichloride  in  Gil-Beato's  Solution 


Expt.  No. 

1 

2 

Used  (milli-moles): 
SCI, 

9.34 

8.65 

Na,Sp, 

15.41 

19.32 

Time  of  arulysis* 

60 

30 

(in  min) 

Reaction 

products 


Consumption 
HPnO,  found 


Milli¬ 

moles 

‘Jfcs-* 

MiUi- 

moles 

ofo  s** 

^  MilU-  j 
moles 

1  Iks 

0.10 

0.5 

1.85 

7.8 

4.72  ! 

!  14.1 

2.07 

5.1 

1.55 

3.3  j 

2.10 

1  3.1 

7.27 

j  91.6 

8.86 

1  93.7  1 

1  11.52 

1  87.3 

5.06 

5., 

®  1 

1  5.08 

2.1:1 

1.97:1 

1  2  0:1 

1 

1 

Table  1  gives  the 
results  of  several  exper¬ 
iments  in  which  1.65  to 
2.4  moles  of  thiosulfate 
were  used  for  1  mole  of 
sulfur  dichloride.  The 
analysis  of  the  mixture 
was  conducted  almost 
immediately  after  the 
disappearance  of  the 
sulfur  dichloride. 


II  It  is  apparent  from 

■‘■•'2  ;  «•»  the  .-eiulu  given  that  the 

5^t  main  teacUon  pioduct 

».SnO.  ’2’  1  «  8  i  fS  ’  I  “-52  ]  „  pentathlonlc  acid.l. 

n  5.06  5.0  I  5.08  which  form  and 

I  more  of  the  sulfur  used 

Consumption  HiSp,:  2.1:1  1.97:1  j  2  0;1  The  ratio  of 

j  the  number  of  molecules 

of  reacted  thiosulfate  to 

the  number  of  molecules  of  polythionic  acids  formed  was  close  to  2: 1  in  all  cases  as  required  by  the  equation: 

S(OH),  ♦  2H^p,  ->  Hpp,  +  2Hp.  (2) 

In  experiments  2  and  3.  the  number  of  millimo'es  of  penuthionic  acid  found  is  also  close  to  the  number  of  ntilli- 
moles  of  sulfur  dichloride  used  The  deviation  from  these  results  in  experiment  1  is  explained  by  the  fact  that 
some  excess  sulfur  dichloride  was  used  here,  as  a  result  of  which  part  of  the  hydrosulfurous  acid  was  converted  iiuo 
peniathionic  acid  in  the  same  manner  as  with  the  hydrolysis  in  the  absence  of  thiosulfate  [6];  i.e.,  according  to  the 
general  equation: 

5S(OH),  -9  Hpp,  4Hp.  (3) 

This  explanation  was  confirmed  by  the  fact  that  the  starting  thiosulfate  reacted  almost  ccnpletely  in  experi¬ 
ment  1,  whereas  in  both  of  the  other  experiments, in  which  a  small  excess  of  thiosulfate  based  on  the  ratio  SCI,: 
Na,sp,  =  1:2  was  used,  this  excess  remained  unused. 

Therefore,  it  follows  from  these  experimental  results  that  the  hydrolysis  of  sulfur  dichloride  in  Gil-Beato's  solu¬ 
tion  leads  to  practically  a  quantitative  formation  of  peniathionic  acid  according  to  equation  (2). 

A  phenomenon,  which  appeared  strange  at  first,  was  observed  upon  repealing  these  experiments.  It  was  fre¬ 
quently  found  that  the  number  of  moles  of  polythionic  acid  formed  was  considerably  less  than  the  starting  number 
of  moles  of  sulfur  dichloride,  but  the  average  numbei  of  sulfur  atoms  in  the  molecules  of  these  acids  (n)  was  found 
to  be  much  higher  than  five  in  these  case:.  Therefore,  in  such  experimems,  in  addition  to  peniathionic  acid, 
hexathionic  and  other  higher  polythionic  acids  must  have  been  formed.  Table  2  gives  the  results  of  two  such 
experiments  with  "anomalous*  results. 

The  fact  must  be  kept  in  mind  that  the  consumption  of  thiosulfuric  acid  for  1  mole  <rf  polythionic  acid  Is 
considerably  greater  than  2  moles  in  these  experiments.  This  fact  leads  to  the  conclusion  that  hexathionic  acid 
is  formed  as  a  result  of  the  secondary  reactioa: 

HjSp,  ♦  ^  H,Sp,  4  SO,  +  Hp.  (4) 


•  From  the  aart  of  the  sulfur  dthloride  hydrolysis. 

•  •The  sulfur  used  is  taken  as  100^. 


1516 


TABLE  2 

'Anomalous”  Results  of  the  Hydrolysis  of  Sulfur  Dichloride 
in  Gil'Beato’s  Solution 

Expt.  No. _  4  _ 5 

Used  (millimoles): 

SCI,  8.76  11.43 

Na^P,  I  17.0  24.42 

Time  of  analysis  j  o  ^  i 

(in  hrs) _ j  •  i _ ^ 

Reaction  Milll*  |  Milli* 

•roducts  moles  moles 


H|S^, 

SO, 

HjSriO, 


Consumption  H^p,: 
H,Si,0,  found 


!  2.61 
j  3.63 
5.58 


2.58:1 


The  great  difference  between  the  'anoma¬ 
lous'  results  of  these  experiments  and  the  results 
of  experinienis  1  —3  is  explained  by  the  hetero¬ 
geneous  process  of  the  hydrolysis  of  sulfa  dichlof- 
ide.  Sulfur  dichloride  is  not  miscible  with  aqueois 
solutions,  and  the  formation  of  hydrosulfurous  acid 
occurs  on  the  interfacial  surface  between  the  liquid 
phases.  For  this  reason  its  rate  of  formation  de¬ 
pends  upon  factors  very  difficuli  tocontroL.  Tike  the 
rate  of  mixing  and  the  size  of  the  interfacial  sur¬ 
face  between  the  leases.  Since  hydrosulfurous 
acid  reacts  extremely  rapidly  under  these  condi¬ 
tions.  which  is  shown  by  the  'act  that  almost  no 
autc  decomposition  occurs,  which  is  usually  ac¬ 
companied  by  the  precipitation  of  sulfur  [I)  the 
rate  of  formation  of  pentathiomc  acid  according 
to  (2)  must  depend  mainly  upon  the  rate  of  the 
heterogeneous  process  of  hydrolysis  of  sulfur  di- 
chloride.  It  can  be  supposed  that,  for  example, 
with  an  insufficiently  efficient  shaking  of  the 
reaction  mixture,  the  formation  of  hydrosulfur- 
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ous  acid  does  no:  occur  with  sufficient  speed,  and  the  thiosulfiuic  acid  found  in  the  solution  is  practically  consumed 
for  the  sulfuration  of  the  pentathionic  acid  already  formed  according  to  (4).  instead  of  according  to  equation  (2)  for 
the  formation  of  pentathionic  acid. 

In  order  to  prove  this  explanation  for  the  formation  of  hexathicnic  acid;  i.e.,  reality  of  reaction  (4).  the  change 
of  the  composition  of  the  reaction  mixture  with  time  was  determined  in  the  subsequent  experiments.  In  experiment 
6  (Table  3),  analyses  conducted  a  half  hour  after  the  start  of  the  hydrolysis  of  sulfur  dichloride  showed  a  'ixirmal*  com¬ 
position  of  reaction  products:  i.e.,  analogous  to  tliose  obtained  in  experiments  1-3.  Analysis  conducted  after  2.5  to 
5  hours  showed  that  polythionate  sulfur  and  the  average  number  of  sulfur  atoms  in  the  polythionic  acid  molecules  (n) 
Increased  with  time  because  of  the  temaining  thiosulfuric  acid.  Therefore  the  existence  of  the  secondary  sulfuration 
reacUon  of  pentathionic  acid  according  lo  equation  (4)  cannot  be  disputed.* 


TABLE  S 

Expt.  No.  6.  Change  of  the  Composition  of  the  Hydrolysis  Products 
of  9.33  Millimoles  of  SCI,  in  a  Gil-6eato's  Solution  Prepared  from 
22.65  Millimoles  of  Na,S,0, 

Time  from  beginning  of  i  30  min-  2.5  j  5 

hydrolysis  '  hours  j  hours 

S  in  form  of  H^nO,  69.4  91.9  93.6 

D  5.05  5.08  I  5.12 

^  S  in  form  of  10.4  9.6  *  7.2 


The  results  led  to  the  idea  of  using  the 
hydrolysis  of  sulfur  dichloride  in  a  Gil-Beaio's 
solution  for  the  prepaiation  of  he/atUonic  acid. 
Since  the  latter  is  formed  by  means  of  the  re¬ 
versible  reaction  (4),  an  excess  of  thiosulfuric 
acid  must  shift  this  equilibrium  to  the  right. 

For  this  reason,  in  subsequent  experiments, 
the  starting  ratio  of  thiosulfate: sulfur  dichlor¬ 
ide  wa:  changed  to  3: 1  and  4: 1  (experiments 
7  and  8.  Table  4). 


'  “  In  both  experiments,  the  analysis  was 

'  Initially  conducted  at  practically  the  end  of 

the  hydrolysis  of  sulfur  dichloride.  and  then  several  hours  later.  The  results  in  Table  4.  as  well  as  their  comparison 
with  those  of  previous  experimems  (for  example.  2.  3,  and  6).  show  that  the  average  number  of  sulfur  atoms  in 
the  polythionic  acid  molecule  (n)  is  higher,  the  greater  the  excess  of  thiosulfate  used  based  on  the  ratio  Na,sp,: 
SCI,  =  2: 1.  This  number  also  increases  considerably  with  time  which  is  accompanied  by  the  consumption  of  thio- 
suifuric  acid  arxi  an  increase  in  the  amount  of  sulfur  dioxide  in  the  solution.  Therefore,  these  experiments  also 
prove  that  the  formation  of  the  higher  polythionic  acid  occurs  according  to  equation  (4). 

The  use  of  3  moles  of  thiosulfate  for  1  mole  of  sulfur  dichloride  (experiment  7)  gives  a  solution  whose  anal¬ 
ysis  after  3.5  hours  at  0*  reveals  that  hexaihionic  acid  with  a  smaU  impiffity  of  unreacted  thiosiifuric  acid  and  sii- 
fur  dioxide  was  present. 

•The  possibility  of  the  formation  of  hcxathionaie  from  pentathionate  according  to  equation  (4)  has  been  questioned 
Py  several  authors  (7]. 


TABLE  4 

HydrolysU  of  Sulfur  Dlchl«ide  In  the  ftesci»ce  of  ThloMilfurlc  Acid 


13.38 

62.0 


2  hows 


30  minutes 


Miili* 

moles 


10.36 

30.18 


Used  (m-moies)  • 
SOs  I 

N»|Sp, 


H|Sp, 

SO, 

H,SqO, 


Increasing  this  ratio  to  4;  1  (experiment  8).  results  in  a  solution  of  practically  analogoi*  composition  at  once; 
l.e.,  during  the  first  analysis  which  was  conducted  a  half  hour  after  the  Mart  of  hydrolysis.  Two  hours  later,  a  con¬ 
siderable  amount  of  heptathioaic  acid,  and  possibly  other  acids  with  n^  8  were  presets  . 

The  formation  of  higher  polythionic  acids;  l,e..  with  n^6.  from  rilfur  dichloride  and  thioiulfate  has  been 
unreponed  in  the  literature  up  to  now. 

The  authors  were  not  satisfied  with  the  analysis  of  the  solution  obtainei^  which  showed  the  presence  of  higher 
polythionic  acids,  and  made  a  series  of  attempts  to  obtain  these  acids  as  benzidine  salts.  Tba  procedure  used  wm 
analogous  to  that  reported  in  one  of  the  previous  communications.  The  precipitates  obtained  by  the  addition  of  a 
benzidine  hydrochloride  solution  to  the  reaction  mixtwe  were  usually  recrystallized  ftom  IN  hydrochloric  acid  and 
dried  at  room  temperature  in  a  deslccatoz.  A  short  characterization  of  the  preparations  obtained  is  given  in  Table  6. 

*  The  analytical  re- 

T  A  BLE  5  jyjjj  Fraction 

Aiulysis  of  Benzidine  Polythlosates  I  of  the  precipitate 

■  > ■  ..  .  .. — —  ■  ■  ,  -  — formed  by  bertzidine. 

Prepara-  ^  S.  ^  calculated  accord-  Notes  contains  polythionates 

^ton  No.,  found  Jng  to  (he  formula _ .  _  7 -9  ,nifur  atoms 

1  43.8  Iked  Naj|Sp^-sa,«3L9:l  In  the  molecule;  penu- 

44.3  Be  Fraction  I  precipitate,  reci^llixed  iWoiute  predominates 

2  44.2  Na^p^SCl,«=3:lj  1#  Fraction  IL  Thccom- 

Fraction  i  recrysuUized  position  of  preparation  No 

3  50.0  60.5  EZ  •  •not  recrystallized  2  very  nearly  corresponds 

4  •  46.8  47.5  Be  H^Sp,  •  •  recrystallized  W  tbe  formula  for  the 

5  i  37.6  Fraction  H  after  removal  of  icepara-  heptaihionatc;  prepara- 

36.3  Be  H^SPy  tlon  4;  recrystallized.  tfoo  No,  3  is  close  to 

6  •  37.3  j  Fraction  recrystallized.  fionathlonate.  However. 

;  *  I  sufficient  basis  was  not 

found  for  considering  these  preparations  to  correspond  to  Indlvldnal  compounds;  rather  there  il  an  focllnatlon  to  re¬ 
gard  them  as  ml«ures,because  they  coold  not  be  reproduced. 

However,  drese  experiments  do  not  leave  any  doubt  that  higher  polythionic  acids  are  formed  upon  the  hydroly¬ 
sis  of  sulfur  dichloride  in  Gil^eaio’s  solution  containing  an  excess  thiosnlfutic  acid.  Their  formation  can  be  ex¬ 
pressed,  considering  the  presence  of  acids  with  n^  6  in  the  solutions,  by  the  geneial  etjuationr 

H,S(0.  +  fn  -51H.s^-  TT— »•  (5) 


Prepara¬ 
tion  No. 

^s. 

found 

^  3  calculated  accord¬ 
ing  to  the  formula 

Notes 

1 

43.8 

44.3  Be  H^,* 

Iked  Na,Sp,:Sa,  »  3L9:1 

Fraction  I  precipitate,  reciytulllzed 

2 

44.2 

Napp^SCl,«s3:lt 

Fraction  i  recrysuUized 

3 

50.0 

50.5  Be 

*  *  not  recrystallized 

4 

46.8 

47.5  Be  H^, 

•  •  recrystallized 

5  1 

i 

36.3  Be  H^SPg 

Fzaction  IL  after  removal  of  ixepaxa- 
tion  4;  recrysuUized. 

6 

37.3 

i 

1  Fraction  U,  tecrysulUzed. 

H^p,  +  (n  -5)H^p,  Hpp,  4(0 -5)H^O,.  w 

In  addition  the  redistribution  reaction  of  sulfa  between  the  molecules  of  polythionic  acid*  [8]  U  very  probable; 
for  example,  according  to  the  equation: 


•  Be  =  CjjHdNHj), 


2H^Pe  :*:♦  Hpp.  4  H,sp» 


SUMMARY 


1.  Hydrolysis  of  sulfur  dichloride  In  GiI*9eato*s  solution  led  very  zapidly  and  practically  quantitatively  to  the 
reaction  of  hydiosulfurous  acid  with  thiosulfiaic  acid  according  to  the  equation: 

S(OH)x^2H^P, ♦RHP  (2) 

2.  The  use  of  an  excess  of  thiosulfate  based  on  the  ratio  Na^p^  SClj  =  2:1  made  possible  ^  formation  of 
higher  polythionic  acid  solutions  under  these  conditions.  These  acids  were  formed  from  penuthionic  acid  as  a  re> 
suit  of  the  reaction: 

Hpp,^(n-5)H^P,^=:>HAA  ♦(o-5)H^  (5) 

3.  Beisidine  polythionates  were  obtained  whose  composition  varied  between  heptathionate  and  oonathionate. 
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INVESTIGATION  OF  THE  SYSTEM  PLATINUM-OXYGEN 
n.  ENTHALPY  OF  FORMATION  OF  PLATIMC  OXIDE 
S.  M.  Arty*.  M.  P.  Moiozots.  and  A.  A.  Reikhardt 

Establishment  of  the  homogeneity  of  the  piodact  of  the  oxidation  of  platinum  with  oxygen  made  possible 
the  stait  of  the  study  of  the  thermodynamics  of  this  compound.  The  reaction  of  platinic  oxide  with  hydrogen 
was  chosen  in  orde*  to  establish  the  enthalpy  of  its  formatioi.  • 

4  3[PlJ. 

This  reaction  starts  the  moment  of  contact  between  hydrogen  and  platinic  oxide  at  room  temperature; 
it  does  not  require  any  catalysis  and  proceeds  rapidly.  Platinum  is  obtained  in  the  form  of  grey  powder.  Le., 
with  small  specific  surface,  wfaidi  exch'des  any  possibility  of  distorting  the  value  cfthe  thermal  effect  because 
of  the  beat  of  adsorption  of  the  hydrogen  on  the  surface  of  the  metal.  The  completeness  of  the  reductico  of 
the  oxide  under  these  conditions  was  established  experimentally.  Therefore,  the  reduction  reaction  of  HPa 
with  hydro^n  satisfies  the  requirements  of  reactions  that  are  to  be  effected  in  a  calorimeter. 

The  calorimetric  vessel  was  a  brass  cylinder  with  a  ground  brass  covet.  A  beater  (a  copper  ring  wound  • 
with  cotsstantan  wire)  was  placed  in  tie  center  within  the  cylinder.  A  glass  ampoule  containing  a  sample  of  the 
preparation  (0.25g*0.43g)  weigned  on  an  analytical  balance  with  an  accuracy  of  0.2  mg.  from  which  the  air 
was  removed  until  a  residual  pressure  of  10~*  mm.  was  suspended  after  sealing,  from  the  cover  of  the  vessel 
with  tungsten  threads.  The  calorimetric  vessel  was  hermetically  sealed  atd  evacuated  through  a  small  vacuum 
stopcock  placed  in  the  cover  of  the  vessel  to  the  above  residual  pressure.  The  hydrogen,  completely  pur'fied 
from  oxygen,  was  izsroduced  into  the  calorimeaic  vessel  with  sufficient  moisture  in  it  to  saturate  it  with  water 
vapor.  The  center  of  the  cover  had  a  cavity  in  which  a  thermal  resistor  was  placed. 

The  calorimetric  vessel  was  suspended,  insulated  bythe  cover,  in  a  sheath  which  was  a  hollow  brass 
cylinder  hermeticaUy  sealed  with  a  cov.er  to  which  tubes  were  connected  for  the  exit  of  wires  going  to  the 
thermal  resistor,  heater,  and  umgsten  threads.  A  second  auxiliary  brass  vessel  was  pheed  in  this  envelope,  which 
served  to  decrease  the  beat  exchange  ^etween  the  calorimetric  vessel  and  its  surroundings. 

The  hermetically  sealed  envelope  was  placed  in  about  a  100-llter  water  thermostat  in  which  were  installed 
two  stirrers,  a  beater,  and  ihermoregulator  by  means  of  which,  with  the  aid  of  a  vacuum  tube  relay,  the  tempera¬ 
ture  of  die  thermostat  was  held  at  25  4  0  C' *.  The  resistance  of  the  thermal  resistor  was  measured  with  a 
Wheatstone  bridge  (Dalon).  A  Siemem  rr^rror  galysnometer  was  used  as  the  zero  instrument,  l^n  using  a  sub¬ 
jective  method,  the  reading  could  be  made  to  an  accuracy  of  0.1  ohm..  A  change  in  the  temperatureof  1* cor¬ 
responded  to  a  change  of  the  resistance  of  209  ohms.  Le..  0.1  ohm  conesponded  to  a  change  of  temperature  of 
0.0005*.  The  strength  of  the  current  in  the  thermal  resistor  was  only  of  the  order  of  0.0004  A^whlch  made  it  pos¬ 
sible  to  neglect  the  energy  separating  from  it. 

Before  the  start  of  each  series  of  experiments,  the  presence  of  a  linear  relationship  oetween  the  uncompen¬ 
sated  bridge  and  the  deviation  of  the  mirror  of  the  galvanometer  was  determined.  When  the  calorimetric  vessel 
attained  a  temperature  of  24.5*  a  measurement  <rf  the  resistance  of  the  thermal  resistor  was  conducted  in  30- 
second  irservals.  If  the  changes  of  the  resistance  were  equal  during  12-15  measurements,  then  the  tungsten  wire 
on  which  the  ampoule  with  the  preparation  bung,  was  mehed.Falling.  the  ampoule  was  broken  on  the  bottom  of 
the  vesseL  and  the  preparation  reacted  with  the  hydrogen. 

The  increase  of  thatemperature  at  the  time  of  the  experiment  with  the  platinic  oxide  was  compared  with 
the  increase  of  the  temperature  which  occurred  when  energy  was  introduced  iiuo  the  calorimetric  vessel  by  the 
passage  of  a  current  across  the  heater.  The  fall  of  the  resistance  on  ends  of  the  beater  was  measured  potentio- 
metrically.  The  correction  fer  the  heat  exchange  of  the  calorimeuic  vessel  with  the  surroundings  was  Introduced 
by  the  Reniot-Ffaundler  equation  (2).  The  cccrection  was  from  1.5-1^. 

•  The  same  reaction,  reduction  of  the  cxkie.  was  used  by  WCrtUcr  [1]  for  the  determination  cfthe  enthalpy  of 

for^  -»ion  cf  PdO. 
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On  the  basis  of  the  above  reported  measurements  of  the  enthalpy  of  the  reaction 

♦  1.39(Kp  =  [Ptl  ♦  1.39HP 

the  enthalpy  <rf  formation  of  the  oxide  of  this  composition  was  found  to  be  equal  in  a  series  of  experiments,  to: 
-14,7,  -13.0,  -12.9,  -13.8,  -14.0,  and  13.3  kcaL  Therefore,  -13.6.  ♦  LI  kcaL  is  obtained  at  an  average  for  the 
enthalpy  of  formation  of 

(Pt)  ♦  0.695 (O, 'I -V  [PiO^„l  ♦  13.6  jfl.l  kcal 

■  The  temperature  relation  of  the  value  of  the  oxygen  pressure, corresponding  to  the  equilibrium 

[PtO,^,J^[Pt]  ♦  0.665(0,). 

was  investigated. 

The  values  obtained  are  given  in  the  Table. 


Temperatiae  j 

:  Equilibrium  pressure 
'  of  oxygen  (in  kg/cmi) 

650* 

14.2 

680* 

27.6 

700 

37 

Tbe.Tignre  gives  (he  relation  of  the  logarUbm  of  the  dit- 
xxiiatiofredasticity  of  platinum  oxide  to  the  inverse  value 
of  the  absolute  temperature.  All  three  points,  at  the 
Figure  diows.  satisfactorily  fit  on  a  suaight  line. 

Considering  the  change  of  enthalpy  and  enur^  of  this  {tfocess  approximately  constam  at  650-700*.  It  it 
found  (using  the  generally  known  thermodynamic  equation  RT  In  K  »  ZiH-*TAS)  correspondingly. 

The  enthalpy  of  formation  of  the  oxide  at  room  temperature  must  be  somewhat  higher  (in  absolute  value), 

Le.,  the  value  found  by  tensiometric  results  confirms  that  obtained  calorimetrically. 

The  enthalpy  of  formation  of  nickel  and  palladium  oxides,  analogs  of  platinum  in  the  vertical  column  <rf 
the  periodic  system,  are  higher  in  absolute  value,  namely  for  NIO  kcaL  for  PdO  >-20.4  kcaL 

Nlckelous  oxide  has  considerably  different  properties  from  palladium  and  platinum  oxides  which  can  be 
assigned  to  the  metal  dike  oxides  (they  possess,  for  example,  in  contrast  to  NiO,  a  high  metallic  electroconduc¬ 
tivity),  while  nlckelous  oxide  resembles  the  salt-like  oxides,  ft  is  natural,  for  this  reason,  to  compare  the  values 
of  the  enthalpy  of  formation  of  NO  and  PtO|,i^ 

Previously  it  was  stated  that  an  oxide,  close  in  composition  to  the  formula  PtjQ^  is  the  only  thermodyiu- 
mlcally  stable  phase  in  the  system  platiniun-oxygen*.  In  other  words,  the  process  of  disproportionatioo  of  the 
hypothetical  oxide  PtO 

[PtO)-^  0.72[PtO^„)*  0.28[Pt) 

must  be  accompanied  by  a  decrease  of  free  energy.  Since  only  solid  phases  participate,  the  change  of  entropy 
can  le  neglected,  and  with  a  good  degree  of  accuracy,  it  can  he  considered  that  PtO  disproportionates  because  of 
the  exothermic  nature  of  the  above*glven  reaction.  In  other  words,  the  heat  of  formation  <rf  PtO  must  be  less  than  •f  98 
kcal/ mole  (the  heat  of  formation  of  0.72  PcO}^^,).  In  addition,  this  value,  in  all  probability,  is  greater  than 
zero.  Le.,  it  can  be  supposed  that  it  is  confined  to  ibe  interval  0-10  kcaL. 


If  the  enthalpies  of  formation  of  PdO  and  PtO  are  calculated  &om  oxygen  in  its  standard  state  and  ftom  mono- 
atomic  vapors  of  the  metaU  (enthalpy  of  vapodzatton  of  Pd  is  110  hcaL,  Pt.  127  k.cal  (41  the  following  values  are 

•  Recently  [3]  a  paper  by  Gallon!  and  Busch  appeared  in  which  the  authors  also  came  to  the  conclusion  that  the 
**^^*oce  of  rtO  reported  by  a  series  of  authors,  must  be  doubted. 
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obuiaed: 


(Pi)  ♦  1/2(0^ (PlO)  ♦  127 - 137  kc»L 
(Pd)  ♦  1/2(0^  ->  [PdO]  ♦  130  kcal. 

If  it  is  considered  that  the  enthalpy  of  vaporizatbn  of  the  above  meub,  actually.  Is  determined  withodt 
sufficient  accuracy,  both  values  may  be  considered  practically  equal.  i.e..  in  other  words,  the  decrease  of 
subility  of  oxides  upon  going  from  palladiom  to  platinum  is  mainly  due  to  the  increase  of  stability  of  the 
nstallic  lattice  in  this  direction. 

SUMMARY 

1.  The  enthalpy  of  the  teactloa 

[PiO^„)  ♦  1.39(H^  =  (Pi)  +  1.39HP 

was  determined  calorimetiically:  the  value  at  the  enthalpy  of  formaricn  of  platlnic  oxide  was  found  to  be: 

AHfnnma fipn  ^*^i.sa  “  ”13.6  ^  1,1  Itcal. 

2.  The  above  value  agrees  with  the  tesuUs  of  the  investigation  of  the  equilibrium  of  the  process  of  dis¬ 
sociation  of  platinic  oxide. 
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TERNARY  COMPLEXES  IN  THE  SYSTEM  COPPER  lONS-PYRIDINE-SA  LICYLATE 
a  RELATION  OF  THE  COMPOSITION  OF  THE  COMPLEXES  TO  THE  pH  OF  THE  SOLUllON 
A.  K.  Babko  and  M.  M.  Tananalko 

Duiins  the  reaction  of  cuprou  ions  with  pyridine  and  salicylic  acid,  the  formation  of  poorly  soluble  com¬ 
plex  compounds  occurs  which  are  readily  extractable  by  non-aqueous  solventa.  Chloroformic  extracts  of  the 
complex  ate  colored  incense  blu^  and  for  this  reason,  the  reaction  is  used  for  the  colorimetric  determination  of 
copper  [1]  and  salicylic  acid  [2], 

There  is  data  in  the  literature  on  pyridine  salicylate  complexes  of  the  composition  CuPy|Sal|  pX  ss  weU  as 
CuPy|Sal|  2CuPyjSali  2CuPy|SaIj  •  CuPy^l  [4],  These  complexes  were  isolated  in  solid  form  by  mixing  solu¬ 
tions  of  the  corresponding  amounts  of  the  starting  substances.  Any  relationship  of  the  equilibrium  in  aqueous  solu 
tion  to  the  pH  of  the  solution,  etc.,  was  not  established  by  these  atxhccs:  the  question  of  the  structure  of  these  com¬ 
plexes  also  were  not  discussed. 

In  1948.  one  of  the  authors  of  the  present  communication  [5]  studied  the  complex  formation  in  the  system 
copper  ions-pyridine.  A  method  for  the  physico<hemical  analysis  of  a  system  with  three  reaction  components  in 
solution  was  developed.  The  results  of  the  investigation  showed  the  formation  of  the  ternary  complex  CuPy^L 
in  the  system,  stable  at  known  limiu  of  concemration.  in  which  the  copper  is  coordinately  attached  to  the  pyridine 
and  salicylate  ion.  Later,  the  equilibrium  between  the  reaction  components  in  the  above  system  was  studied  [6X 

A  more  detailed  investigatioa  the  results  of  which  are  reported  in  the  present  communication,  led  to  the 
conclusion  that  the  reaction  of  copper  with  pyridine  a ixi  salicylate  resulted  in  the  formation  of  several  terrury  com¬ 
pounds  of  various  composition. 

Salicylic  acid,  which  enters  into  the  composition  cf  the  copper  pyridine  salicylate  comidex.  Is  a  weak  acid. 
Its  degree  d  dissociation,  and  correspondingly,  participation  in  complex  formation  to  a  considerable  extent  de¬ 
pend  on  the  acidity  of  the  solution.  For  this  reason,  complex  formation  in  the  system  copper  ion'Pyridine*talicy- 
late  was  studied  in  relation  to  the  pH  of  the  medium.  The  investigaticn  was  conducted  on  the  basis  of  the  change 
of  the  optical  characteristics  of  the  solutions.  Since  the  copper  pyridine-salicylate  complexes  were  readily  soluble 
in  non-aqueous  solvents,  chloroformic  extracts,  as  well  as  aqueous  solutions  were  studied. 

Spectral  Characteristics  of  the  Solutions 

Absorption  spectra  of  the  copper  pyridine-salicylate  complex  were  studied  at  various  pH's.  The  optical 
densities  of  aqueous  solutions  and  chloroformic  extracts  were  measured.  The  measurements  of  the  light  absorp¬ 
tion  values  cf  the  extracts  directly  characterized  the  ternary  complex,  iince  tbe  secondary  coj^er  complex  with 
pyridine,  as  well  as  copper  with  salicylic  acid,  was  not  extractable  with  noo-aqueous  solvents  fSX 

The  acidity  of  the  medium  was  changed  by  the  addition  of  0.1  N  sodium  hydroxide  or  0.1  N nitric  acid*. 

To  conduct  thu  experiment,  2  ml  of  0.05  M  copper  nitrate  solution.  4  ml  of  0.05  'M  pyridine,  and  4  ml  of  0.06  M 
sodium  salicylate  were  mixed  together  in  test  tubes.  Aft«  mixing,  acid  or  base  was  added  to  the  solutioa.  The 
solutions  were  mixed,  and  their  optical  densities  were  measured  on  the  FM  phrtometer. 

Another  series  of  analogously  prepared  solutions  was  shaken  with  5  ml  of  chloroform,  and  the  light  absoepr 
tion  of  the  obtained  extracts  was  measured.  Parallelly,  the  pH  was  measured  with  a  vacuum  tube  potentiometer 
of  the  LP-4  type  with  quinhydrone  electrodes.  The  absorption  spectra  obuined  as  a  result  of  the  investigation  are 
given  in  Figs.  1  and  2. 

•  Buffer  solutions  were  not  used  since  the  substances  entering  into  their  composition  could  have  affected  the  com¬ 
plex  formation. 


As  it  is  apparent  (Fig.  1)  in  aqueous  solutions,  increase  of  pH  does  not  a  ffect  the  character  of  the  light 
absorption  of  the  solutions,  but  only  results  in  the  increase  of  the  optical  density.  All  of  the  solutions  were  green 
in  color,  and  intensely  absorbed  In  the  red  and  violet  parts  of  the  spectrum.  A  formation  of  a  precipitate  occun 
at  pH  >  6. 

The  more  characteristic  absorption  spectra  of  the  chlaoformic  extracts  is  given  in  Fig.  2.  In  this  case, 
some  decrease  of  light  absorption  in  the  red  and  a  strong  increase  in  the  violet  parts  of  the  spectrum  occur  upon 
increasing  the  pH  of  the  aqueous  phase.  Correspondingly,  the  color  of  the  extracts  goes  from  blue  to  yellow. 

At  pH  of  4  to  4.5  in  the  aqueous  phase,  a  blue  colored  compound  is  extracted.  At  pH  of  5  to  5.5,  the  color 
of  the  exuacts  becomes  green.  At  pH  >6  the  amount  of  the  substance  exuacted  decreases  without  change  of  the 
character  of  light  absorption. 

On  the  basis  of  the  results  obtained,  it  may  be  concluded  that  the  reaction  of  copper  with  pyridine  and  sodium 
salicylate  leads  to  the  formation  of  two  ternary  complexes  having  the  same  color  in  the  aqueous  phase,  but  dif* 
ferent  colors  in  non-aqueous  solvents.  In  more  acidic  media.  (pH  4-4.S).  a  blue  colored  compound  is  formed:  at 
pH  5-5.5.  the  formation  of  a  complex  having  a  green  color  in  chloroform  occurs. 


Further  inaease  of  pH  (pH  >  6).  as  it  was  shown  previously  [6X  leads  to  the  disruption  of  the  ternary,  and 


the  formation  of  the  more  stable  copper  disalicylate  complex 
able  with  non-equeous  solvenu. 


.  which  it  not  exuact- 


Physico-Chemical  Analysis  of  the  Solutions 

The  physico-chemical  analysis  of  the  system  copper-pvridine -salicylate  was  conducted  with  two  series  of 
solutions.  In  the  first  series,  conditions  were  created  which  favored  the  formation  of  the  complex  having  a  blue 
color  in  the  non-aqueous  phase.  For  this  reason,  starting  solutions  with  pH  4  to  4.5  were  prepared.  In  the  second 
series,  alkali  was  added  to  pH-«^5.5  to  analogous  solution^  in  order  to  obtain  compounds  which  extracted  green. 
0,05  M  solutions  of  copper  nitrate,  pyridine,  and  sodium  salicylate  were  used  for  the  investigation.  The  solutions 
were  mixed  at  various  ratios, but  in  such  a  manner  that  the  volume  of  all  three  components  was  always  constant 
and  equal  to  10  mU 

Thus,  for  example,  solutions  corresponding  to  points  1-10  on  the  triangle  diagram  in  Fig.  3,  were  prepared 
by  the  mixing  of  1.  2.  4 . 10  ml  of  0.05  M  Ca(NO,),  with  9.  8.  6 . 0  ml  of  0.05  M  pyridine.  Solu¬ 

tions.  corresponding  to  points  lying  within  the  triangle  diagram,  were  prepared  by  mixirg  all  three  componenu. 
For  example,  the  solution,  corresponding  to  point  36.  was  prepared  by  mixing  2  ml  of  0,05  M  cow>cr  nitrate.  4  ml 
0.05  M.  pyTidine,  and  4  ml  of  0.05  M  sodium  salicylate. 
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The  measurements  of  the  light  absorption  of  the  aqueous  solutions  were  conducted  with  two  light  filters 
having  an  effective  wavelength  of  670  and  430  mp  respectively.  Judging  by  the  data  in  Figs.l  and  2.  the  most 
characteristic  results  could  be  expected  in  these  parts  of  the  spectrum.  The  optical  density  of  solutions  of  the 
ternary  complex  In  chloroform  was  studied  in  supplemenury  experiments  for  each  series.  10  ml  of  the  aqueous 
solution  was  shaken  with  5  ml  of  chloroform,  and  the  optical  density  of  the  extracts  obtained  was  measured.  The 
method  for  processing  the  results  remained  the  same  as  in  the  previous  communication  [5]:  biiury  diagrams 
were  constructed  on  the  basis  of  the  values  of  the  absorption  found,  which  were  sections  through  the  triangle  dia' 
gram  (Fig.  3)  with  lines  parallel  to  the  side  Cu-fy.  Points  on  Fig.  3  corresponding  to  compositionshaving  identical 
absorption  values,  were  sought  from  the  data  of  the  binary  diagrams.  Isochromes  were  obtained  by  joining  these 
poinu  with  lines. 


Fig.  3  gives  the  isochromes  obtained  by  measurement  of  the  optical  density  of  chloroformic  extracts  at 
pH  4-4.5  in  the  aqueous  phase.  From  the  form  of  the  Isochromes,  it  can  be  concluded  that  the  maximum  optical 
density  corresporxis  to  a  ratio  of  Cu :  Py :  Sal  =  1 :  2 :  2. 


In  the  second  series  of  experiments,  measuremerus  were  conducted  analogously  but  with  this  difference: 

sodium  hydroxide  was  added  to  the  solutions  until  the  transition  of  the  color  of  the  chloroformic  exuact  from  blue 

to  green,  h  was  found  empirically  that  2  ml  of  0.1  N  alkali  was  sufficient  under  the  above  reported  conditions. 

As  shown  experimentally,  the  pH  of  the  solutions  was  about  6.6.  Fig.  4  gives  the  isochrcmes  obtained  by  measuring 

the  optical  density  of  green  chloroformic  exuacts.  As  it  is  apparent  from  the  data  of  this  figure,  the  maximum 

absorption  corresponds  to  a  ratio  of  Cu :  Py :  Sal  =  1 :  2 : 1.  Analogous  results  were  obtained  by  the  measurement  of 

the  optical  density  of  aqueous  solutions.  .  ,,  ...v 

Therefore,  physico-chemical  analysis  of  the  system  led  to  the  conclusion  that  the  complex  CuPyj^li  was 

formed  at  pH  4.5.  At  pH  5.5,  the  formation  of  the  complex  CuPyjSal  occurs. 

Because  the  above  complexes  were  sufficiently  poorly  soluble  in  water.  tLey  were  isolated  in  the  solid  phase. 
Preclpiutes  were  obtained  by  the  treatment  of  10  ml  of  a  0.1  M  soluUon  of  copper  niuate  with  a  mixture  of  10  ml 
1  M  sodium  salicylate  and  10  ml  1  M  pyridine  at  various  acidity.  The  treatment  of  a  copper  nitrate  solution  with 
the  precipitating  mixture  with  the  addition  of  0,5  ml  of  0.1  N  nitric  acid  led  to  the  formation  of  a  white  powdery 
residue.  If  1  ml  of  0.1  N  sodium  hydroxide  was  initiaUy  added  to  the  precipitant,  a  green  flocculani  precipitate 
of  copper  pyridine  salicylate  formed.  The  residues  were  filtered,  washed  with  cold  water,  and  dried  at  room 
temperature  between  sheets  of  filter  papec 

It  was  shown  experimentally  that  the  blue  residue  dissolved  in  chloroform  with  the  formation  of  a  blue  solu¬ 
tion.  The  green  residue  gave  a  green  chloroformic  extract. 

In  order  to  confirm  the  composition  of  the  complexes,  the  cc^iper  content  was  determined  in  the  preparation 
obtained.  The  copper  was  analyzed  electrolytically.  The  analytical  results  are  given  in  the  Table. 
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Sample  (g) 

Cu  found  (g) 

i  Cu  found  Ch) 

J - 

Cu  calculated  (^) 

r 

0.20 

0.0262 

1  13.1 

CuPyjSalj 

1 

0.50 

0.0628 

•  12.1 

Cu- 12.82 

■[ 

0.10 

0.0180 

18.0 

CuPy^l 

Ckeen  complex . .  ^ 

0.15 

0.0270 

18.0 

Cu- 17.78 

1 

0.20 

0.0362 

18.1 

I 

As  it  is  apparent  from  the  dau  In  the  Table  on  the  determination  of  copper,  the  blue  complex  corresponds 
to  the  composition  CuPy^l>  and  the  gieen  -CuPy^L 

Salicylic  acid,  which  enters  mto  the  composition  of  the  copper  pyridine -salicylate  complex,  can  dis¬ 
sociate  with  the  cleavage  of  hydrogen  of  the  carboxylic  group,  or  of  the  hydroxyl  group.  For  this  reason,  several 
structures  can  be  suggested  for  the  ternary  complexes  formed. 

Suuctures  {lot  U)  can  be  suggested  for  the  structure  of  blue  complex  CuFy^ls  in  which  the  copper  substi- 
tiaes  the  carboxylic  hydrogen,  or  that  of  the  hydroxyl  group  of  the  acid: 

PVx  OOCC,H/)H  Py.  .OC^/iOOH 

Scu< 

Py  '  \XXX,H/)H  Py 'OC»H^OOH 

(0  (ID 

Upon  the  Increase  of  the  pH,  the  substitution  of  the  other  hydrogen  atoms  (hyuroxylic  or  carboxylic  groups 
of  salicylic  acid)  is  facilitated,  and  the  formation  of  a  ’chelated”  compound  (III)  •  can  occur 

Cu/  ':cu<^  ^C»H4 

OOC  Py'  OOC 

(inj  (ivr 

which  reacting  with  pytidine,  forms  the  groen  complex  (IV). 

To  solve  the  problem  <rf  the  structure  of  the  ternary  complexes,  supplementary  experiments  on  the  investiga¬ 
tion  of  the  exuactability  of  the  copper  complexes  with  pyridine  and  methyl  salicylate,  as  well  as  of  the  first  two 
compounds  with  me thoxy benzoic  acid,  vere  conducted. 

It  was  shown  experimeraally  that  compounds  were  foimed  by  the  reaction  of  copper  with  pyridine  and  metbo- 
xybenzoic  acid,  which  gave  blue  chlorofotmic  exiracu.  The  complex  with  pyridine  and  methyl  salicylate  was 
extracted  with  the  formation  of  a  green  exuact.  Acidification  of  the  solutions  led  to  the  decomposition  of  the 
complexes  and  the  decolorizatlon  of  the  non-aqueous  phase.  Upon  making  the  solutions  alkaline,  the  blue  complex 
was  decomposed,  while  the  green  remained  stable  even  in  1  M  alkali  solutions.  •• 

From  the  results  obtained,  it  could  be  concluded  that  the  copper  is  bound  to  the  carboxylic  group  of  salicyl¬ 
ic  acid  in  the  blue  complex  CuPyjSal2  (Structure  I),  since  the  formation  of  a  compound  giving  a  green  chloro- 
formic  extract  could  be  expected  with  the  presence  of  a  bond  across  the  hydroxyl  group.  The  formation  of  green 
extracts  by  the  complex  CuPyjSal,  without  doubt,  can  be  explained  by  the  presence  of  a  bond  of  coi^ter  with  the 
OH  group  of  salicylic  acid  in  this  compound  in  addition  to  that  with  the  carboxylic  group. 

•  Another  suggestion  for  the  complex  CuPy^al.  ai^>arently  caimot  be  made,  since,  if  copper  substituted  only  one 
of  the  hydrogen  atoms  in  salicylic  acid,  the  formation  of  (at  a  ratio  of  Cn  :Sal  =  1: 1)  a  single  charged  cation  would 
have  occurred,  which  could  not  be  extracted,  since  it  cannot  form  a  neutral  molecule  with  the  PyH  pyridine  cation, 
as  well  as  form  a  molecule  with  molecular  pyridine. 

•  •  The  stability  of  the  complex  of  copper  with  pyridine  and  methyl  salicylate  is  aided,  evidently,  by  the  absence 
of  possibility  for  transition  to  copi>er  disalicylate  [CuSalj]”*,  which  occurs  for  the  corresponding  complex  of  copper 
with  salicylic  acid. 
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Therefore,  the  Invcnlgatlon  of  the  opUcil  chiracieristics  of  the  solution:;  analysis  of  the  solid  sub¬ 
stances.  and  the  study  of  the  extractabUll;  of  coinplexes  of  copper  with  pyridine  and  cenaln  derivatives 
of  saUcylic  acid,  lead  to  the  concliuion  that  llio  reaction  of  copper  with  pyridine  and  salicylic  acid  leads 
to  the  formation  of  several  compounds.  Complex  (I), in  which  the  copper  is  bound  to  the  carboxylic  groap 
of  the  acid,  is  formed  in  more  acidic  solutions  which  hinder  the  dissociation  of  the  hydroxyl  group.  By  in¬ 
creasing  the  pH.  the  substitution  of  the  OH  group  hydrogen  of  salicylic  acid  is  facilitated,  which  leads  to 
the  formation  of  complex  (IV),in  which  copper  Is  bound  to  the  carboxylic  and  the  hydroxyl  groups  of  the 
acid.  Increase  of  pH  to>.6  leads  to  the  decomposition  of  the  ternary  complexes,  and  the  formation  of  the 
more  stable  ct^per  disalicylate  [4], 

Of  the  two  pyridine-salicylate  copper  complexes,  the  blue  one.  CuPy^l^  is  more  soluble  in  non- 
aqueous  solvents. because  of  which  it  can  be  successfully  applied  for  the  separation  of  copper  from  cations 
which  do  not  form  extractable  pyridine  salicylate  complexes. 

SUMMARY 

The  complex  formation  in  the  system  copper  ion-i>yridine-salicylate  was  studied  in  relation  to  the 
acidity  of  the  solution.  Methods  of  physico-chemical  analysis  of  colored  ternary  complexes  in  solution 
were  used  for  the  investigation.  The  optical  donsuy  of  the  aqueous  solutions,  as  well  as  the  absorption 
of  the  chloroformlc  extracts,  were  the  piopertlei  measured. 

It  was  found  that  at  pH  of  the  aqueous  phase  from  4  to  4;5.  ternary  complex  (0  was  formed;  while 
at  pH  5-5.5  the  formation  of  complex  (IV)  occurred: 

Py.  CXX:C,HPH 

'“Cuv^ 

Py  '00CC*HPH 

(0 

The  data  on  the  composition  of  the  complexes  were  confirmed  by  the  uolation  of  solid  compounds, 
as  well  as  the  study  of  certain  derivatives. 
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OXIDATION  OF  ALCOHOLS  BY  THE  EFFECT  OF  ULTRASONIC  FREQUENCIES 
E.  M.  Lapinskaya  and  M.  A.  Khenokb 


It  is  known  that  ultiasound  causes  oxidation  reactions  in  pure  water  and  in  aQueous  solutions  £1-5^ 
The  decomposition  aS  starch,  inulin.  agar-egar.  as  wull  as  intense  chemical  changes  in  the  monomers 
glucose,  fructose,  galactose,  and  maltose. secaused  by  sound,  accompanied  by  the  formation  of 

acids  and  aldehydes  [6,  7]. 

The  action  of  ultrasonic  frequencies  leads  to  the  decomposition  of  polypeptide  chains  and  formation 
of  ammonia  and  aldehydes  in  solutions  of  gelatin  [8X  Amino  acids  are  also  subject  to  chemical  change  by 
this  treatment.  The  available  data  indicates  that  cavitations  formed  by  the  action  of  ultrasonic  vibrations 
cause  the  activation  of  oxygen,dissolved  in  the  liquid,  and  the  decomposition  cf  water  with  the  formaticn 
of  free  radicals  an^  hydrogen  peroxide  fS.  lOX  It  was  shown  that  the  effect  of  ultrasonic  vibration  was 
similar  to  the  action  cf  ionizing  tadiatico  £11X 

Because  of  the  study  undertaken  on  the  effect  of  ultrasound  on  chemical  processes  [6-8,  12X  it  ap¬ 
peared  of  great  interest  to  elucidate  more  fully  the  character  of  the  oxidation  reactions  occurring  under 
the  influence  of  ultrasonic  vibrations.  For  this  reason,  aqueous  solutions  of  methyl  alcohol  and  other  alco¬ 
hols,  as  well  as  various  organic  substances  in  methyl  alcohol  were  subjected  to  sonation. 


A  high  frequency  oscillator  described  in  previously  published  investigations  [81  served  for  the  pre¬ 
paration  of  ultrasonic  vibrations.  The  strength  of  the  oxQlatory  circuit  was  about  300-100  volts.  The  dia¬ 
meter  of  the  praqg  quartz  plate  was  50  mm.  The  frequency  was  300  k-hertz/$ec.  The  temperature  of  the 
solutions  did  not  rise  over  40*  disicg  the  time  of  sonat'^n.  The  solutions  subjected  to  the  action  of  ultra- 


Fig.  1.  Effect  of  sonation  on  the  formatiotf  of  formal¬ 
dehyde  in  methyl  alct^l  soluriocis.  !)  In  0.1^  solu¬ 
tion:  2)  0.5^  solution;  3)  in  solution. 

Nitrous  and  nitric  acids  [131  and  formal¬ 
dehyde  [14]  were  determined  colorimetrically 
in  the  alcohol  solutions  immediately  after  the 
action  of  the  ultrasound.  Ammonia  was  determined  by 
not  less  than  3  times.  Pure  preparatiocs  of  alcohols  and 
solutions.  After  a  2  hour  sonation.  0.1  C4  mg  NOj  .  1 

of  such  water. 


Fig.  2.  Effect  of  soriation  on  the  formation  NO,  and 
NOyin  solutions  of  methyl  alcohoL  1)  NO,  in  0.1^ 
solution:  2)  NOJ  in  0.5fl>  solution  3)  NOj  in  1^  soln- 
tion:  4)  NOJ  in  0.1^  solution:  5)  NO^  in  0.5^  solu¬ 
tion;  6)  NO^  in  solutira. 

a  diffusion  method  [151  The  experiments  were  repealed 
triply  distilled  water  were  used  for  the  preparation  of  the 
.58  mg  of  N07  .  and  1.99  mg  of  Hp,  formed  in  100  ml 


During  the  calculation  cf  the  acids  forined,  the  arnount  of  alkali  necessary  foi  the  titration  of  the  water 
subjected  to  the  action  of  ultrasound  under  these  condiiionst  was  subtracted  from  the  total  alkali  consumed  for 


the  titratioo  cf  the  sonated  solutions. 

The  results  of  experiments  on  the  action  of  ultrasonic  vibrations  on  0.1-1*  v)liXions  of  methyl  alcohol 
arc  given  in  Figs.  1  and  2.  The  curves  show  that  an  increase  of  formaldehyde  fonnation  occurs  with  increase 
of  the  sonatlon  time.  !n  addition,  nluous  and  nitric  acids,  products  of  the  oxidation  of  nitrogen  of  the  air  dis¬ 
solved  in  the  water,  arc  formed:  the  concentration  of  the  nitrous  acid  first  increases;  then.as  a  result  of  its  fur¬ 
ther  oxidation,  it  decreases.  The  concentration  of  nitric  acid  continuously  increases  with  the  time  of  sooatioo. 


The  amount  of  nitrous  and  nitric  acids,  as  well  as  formaldehyde,  varies  not  only  with  the  sonatlon  time 
(Figs.  1  and  2),  but  also  with  the  ccMiceattatioo  of  the  alcohoL 

With  the  same  sonatlon  time,  the  higher  die  concentration  of  the  alcohol  (within  the  limits  of  0.1  to  l^). 
the  greater  the  amount  of  formaldehyde  formed,  and  the  less  that  of  nitrous  and  nitric  acids.  A  peculiar  relation¬ 
ship  of  the  formation  of  formaldehyde  to  the  concentration  of  the  alcohol  occurs  With  greater  concentrations  of 
methyl  alcohol.  Fig.  3  shows  that  the  amount  of  forma.dehyde  formed  increases  with  the  concenuation  of  the 
alcohol  in  solution,  and  teaches  its  greatest  value  in  a  10^  alcohol  solution.  Upon  further  increase  of  the  con¬ 
centration  of  the  alcohol.  Us  oxidation  slows  down,  and  the  formation  of  formaldehyde  decreases.  In  5(fft  alco¬ 
holic  solution,  the  amount  of  formaldehyde  is  only  0.2  mg/ 100  mL  A  similar  relationship  of  the  aldehyde  formed 
to  the  concenuation  of  the  alcohol  subjected  to  the  action  of  ultrasound  was  found  for  ethyl  alcohol  (161. 

The  results  of  the  effect  of  uhrasound  oo  soliaioos  of  methyl,  ethyl,  n-propyl,  and  n-butyl  alcohol  are  given 
in  the  table.  The  concenuation  of  the  alcohols  was  0.02  molar,  the  sonation  time.  3  hours. 


U  is  apparent  from  the  Table  that  aldehydes,  whose  quantities  are  calculated  on  the  aldehyde  groups, 
formed  after  a  3  hour  scnation  of  solutions  of  the  alcohols,  increase  from  rjsthyl  to  butyl  alcohol.  At  the  ume 
time,  the  formation  of  nUiic  acid  increases  from  ethyl  to  butyl  alcohoL  Data  given  above  show  that  the  longer 
the  hydrocarbon  chain  of  the  alcohol,  the  mote  actively  is  the  latter  oxidized  in  the  ultrasonic  pole. 


Alcohol 

Aldehyde  group  • 

NG7 

no; 

(in  mg  per  100  ml  of  solution) 

CH^H . 

5.80 

Traces 

0.96 

C,HpH . 

7.98 

Traces 

0.40 

C,HpH . 

16.5 

None 

0.20 

C4HPH . 

19.4 

None 

0.14 

•  Determined  by  iodometrlc  titration. 

The  alcohol  subjected  to  decomposition  also  has  an 
effect  oo  the  oxidation  of  nitrogen  dissolved  In  the  liquid. 
It  is  apparent  from  the  Table  that  the  formation  of  niuic 
acid  depends  on  the  chain  length  of  the  alcohoL  The 
longer  the  chain  of  carbon  atoms,  the  more  actively  the 
alcohol  prevents  the  oxidation  of  the  dissolved  nluogen. 
The  greater  the  amount  of  substances  In  the  solution  sub¬ 
jected  to  the  oxidizing  effect  of  uluasound,  the 


Fig.  3.-  E^ect  of  the  concentration  of  methyl  alcobi^ 
on  the  formation  of  formaldehyde  for  a  2  hour  sonatlon 
of  the  solutions. 

oxidation  of  each  of  these  modeiated. 


more  suongly  is  the  process  of 


The  results  obtained  In  this  relation,  which  require  funher  study,  are  illustrated  by  the  sonation  of  alcnhniir 
solution,  of  aminoaceiic  acid  (glycine).  a$  well  as  solutions  of  glucose  and  lactose. 

The  dau  on  the  effect  of  glycine  on  the  oxidations  of  the  alcohol  are  shown  in  Fig.  4. 

h  1$  apparent  from  the  curves  in  Fig.  4  that  the  presence  of  glycine  decreases  the  oxidation  of  methyl  alcohoL 
Thus,  with  the  Increase  of  the  concenuation  of  glycine,  the  formation  formaldehyde  decreases  and  approaches 
a  limit  at  a  concenuation  of  glycine  of  0.04  molat.  • 

The  processes  of  oxidation  occa-^lng  as  a  result  of  the  action  of  uluasound  also  cause  the  decomposition  of 
the  amino  acids  [8],  Ammonia  is  formed,  and,  as  a  result  of  lu  subsequent  oxidation,  niuois  and  nitric  acids  are 
formed;  for  this  reason  the  amounts  of  the  lauei  are  greater  in  the  alcoholic  glycine  solutions  than  In  solutions  of 
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to#*  •»  (••  f^i*- 

»C.  _ _ _ _ Fig.  5.  Effect  of  ultrasound  on  the  fornnation  of 

/.O  ”  H^O  in  methyl  alcohol  in  the  presence  of  sugars. 

Sonation  time,  2  hours.  1)  in  the  presence  of 
Q- - - - glucose;  2)  in  the  presence  of  latose. 

<  "  o  .  I  -#1 

^  alcohol  not  containing  the  amlrsoacid. 

I  A  _  ]  Jlr”- 

*  Ji'  •  T  •  »'  >*  ‘  ■  '* "  Results  of  the  action  of  ultrasound  on  the 

Fig.  4.  Formation  of  H^O.  NOJ  ,  NO]^  ,  and  NH|  in  formation  of  formaldehyde  in  O.llb  solutions  of 

alcoholic  solutions  of  glycine  by  the  action  of  ultra*  methyl  alcohol  in  the  presence  of  glucose  and  lac- 

sound.  Concenuation  of  methyl  alcohol,  0.1^.  Sona-  tote  are  given  in  Fig.  5.  Fhe  curves  show  that  the 

tiou  time,  2  hours.  1)  H/^O;  2)  NH):  3).  I'lOJ  ;  4)  NOJ* .  addition  of  sugars  to  solutions  of  methyl  alcohol  also 

causes  a  decrease  in  the  formation  of  formaldehyde, 
which  is  greater  with  lactose  than  with  glucose.  The 
sonation  of  an  0.1^  solution  of  methyl  alcohol  in  which  there  was  a  mixture  of  glycine,  glucose,  and  lactose  each 
in  concentrations  of  0.02  molar,  showed  that  the  amount  of  formaUefayde  formed  under  these  conditions  was  0.75 
mg  per  100  ml,  i.e..  less  than  in  the  presence  of  each  of  these  substances  alone. 

The  sugars  themselves  were  subjected  to  oxidation  by  the  action  of  ultrasonic  vibrations  [6,  7].  In  the  above 
reported  experiments,  5.32  mg  of  COOH  groups  formed  after  a  2  hour  senation  of  an  0.1  M  solution  of  glucose,  which 
was  0.37>  of  the  initial  glucose  (Fig.  5).  The  pH.  equal  to  6.66  initially,  fell  to  3.48  after  the  action  of  the  ultra* 
sound. 


The  product  of  the  oxidation  of  methyl  alcohol,  formaldehyde,  was  subjected  to  further  changes  in  the  ultra* 
sonic  pole  in  relation  to  lu  fa*mation. 

It  is  apparent  from  the  curves  in  Fig.  6  that  the  amount  of  fctmaldcbyde  decreases  with  the  time  of  sonation 
of  its  solutions.  Ultrasonic  vibrations  causing  the  oxidation  of  formaldehyde  led  to  the  formation  of  acids.  After  a 
3  hour  ^nation,  1.82  mg  of  an  acid,  based  on  HCCX)H.  was  formed  in  100  ml  (tf  a  formaldehyde  solution.  If  a 
4 •10*'  molar  concentration  of  glycine  is  added  to  the  solution  of  the  aldehyde,  the  oxidation  of  formaldehyde  by 
the  action  of  the  sonation  is  slowed  down. 


Fig.  6.  Effect  of  sonation  on  soluions  of  formaldehyde, 
initial  concentration  of  formaldehyde,  3  mg  per  100  ml. 
1)  Solution  of  H/;0;  2)  soliaion  of  HfiO  in  the  presence 
of  4*  10**  M  glycine. 


The  experimental  material  given  in  the  present 
communication  shows  the  complexity  and  the  various 
forms  of  the  chemical  reactions  occurring  under  the 
influence  of  ultrasound.  This  fact  must  be  consjdered 
during  examination  of  the  problems  of  chemical  and 
dispersive  actions.of  ultrasonic  vibrations. 

SUMMARY 

1.  The  action  of  ultrasound  on  aqueous  solu¬ 
tions  of  methyl,  ethyl,  niwpyl,  and  n-butyl  alcohols 
was  sudied. 

2.  It  was  shown  that  formaldehyde,  nitrour  and 
nitric  acids  were  formed  upon  the  sonation  of  solutions 
of  methyl  alcohol. 
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3.  The  loiter  the  caibon  atom  chain  in  the  alcohol  molecule,  the  more  readily  was  the  latter  oxidized 
in  the  oluasonic  pole,  and  the  more  actively  doe*  it  "protect’  the  nitrogen  of  cir  dissolved  in  the  liquid  from 
oxidation. 

4.  It  was  shown  that  the  oxidation  of  alcohols  by  the  action  of  eltrasaund  was  hindered  l»y  Use  presence 
of  aminoacids  and  sugars  in  the  sold  ions  of  methyl  alcohol. 
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THERMOCATALYTIC  TRANSFORMATIONS  OF  HTpROCARBONS 
•  m  TRANSFORMATION  OF  DIPHENYLMETHANE 
A.  F.  Dobxyaosky  and  P.  N.  Kolomytsev 

Tbcnnocatalytic  tiansformations  of  dipheny  line  thane  hydiocaibons  up  to  now  have  been  InsuKiciently 
studied,  especially  in  the  cases  of  low  temperatute  tiansformtions.  Foi  benzene  botnologs  this  ttansfoimation 
xesuhs  finally  In  the  transposition  of  a  radical  from  one  molecule  to  the  other,  whereby  the  benzene  tii®  with 
the  leatf  degree  of  substitution  is  libeiated.  With  anhydrous  aluminum  chloride  diphenyletha'ne  is  transfoimed. 
in  such  a  manner  that  benzene  is  cleaved  and  the  residue,  benzil,  adds  to  another  molecule  of  dijlienylethane.. 
with  the  formation  of  diphenethylbenzene.  Tbe  analogous  action  of  anhydrous  aluminum  chloride  and  alumino* 
silicates,  on  the  one  hand,  and  tne  possibility  of  comparing  diphenylmethane  with  dipnenylethane.  on  the  other, 
led  to  the  expectation  that  diphenylmethane  with  an  aluminosilicate  catalyst  would  undergo  similar  uansforma- 
tions  related  to  the  equilibrium  between  the  products  formed,  i.e.,  benzene  and  dibenzylbenzene. 

Experiments  on  the  catalytic  transformation  of  diphenylmethane  were  conducted  in  two  ways:  with  the 
distillation  of  the  volatile  i^oducts  formed-,  and  in  an  autoclave,  in  both  cases  with  activated  gumbrin  as  tbe 
catalyst.  In  the  experimenu  conducted  at  the  usual  pressures  in  an  iron  still,  and  in  experiments  in  an  auto> 
clave,  qualitatively  identical  resulu  were  obtained:  benzene  was  obtained  in  the  distillate,  and  substitution 
products  of  diphenylmethane  in  the  residue,  iiuinly  p^libenzylbenzene;  therefore  the  reaction  indeed  proceeds 
at  in  the  case  of  alijdiatic  benzene  homologs,  according  to  the  scheme: 

EXPERIMENTAL 

Experiments  in  an  autoclave.  Diphenylmethane  and  the  catalyst,  gumbrin  activated  by  hydrochloric  acid, 
were  taken  in  a  quantiutive  xario  of  1:1.  Only  three  experiments  were  conducted,  differing  in  the  length  of 
heating  (1  hour  and  45  min.,  5  hours,  10  hours).  The  temperature  was  200*  in  all  experiments.  At  the  end  of 
the  reaction,  the  producu  obuined  were  distilled,  with  tbe  more  volatile  being  distilled  first  at  temperatures 
lower  than  used  during  the  experiment;  the  catalyst  was  then  extracted  with  benzene,  after  the  removal  of  which, 
tbe  residue  was  added  to  the  pmviously  distilled  pan. 

The  first  fraction  had  a  b.p.  TS.S-^Jl*,  d®  0.878.  The  yield  of  this  fraction  was  about  93^  of  the  more 
volatile  producu  distilled  from  the  autoclave,  so  that  this  pan  of  the  reaction  producu  conuined  nothing  in  addi¬ 
tion  to  benzene.  The  next  fraction  distilling  at  81-300*  contained  almost  exclusively  unreacted  diiAenylmethane. 
It  was  isolated  in  the  fprmof  crystals  with  m.p.  about  20*  (pure  diphenylmethane  melu  at  26^  A  thick  tarry 
mass  was  obtained  in  the  residue  &om  tbe  distillation  from  which  many  crystals  separated  upon  standing.  The 
separation  of  these  presented  some  difficulties,  and  for  this  reason,  the  residue  above  300*,  was  vacuum  distilled 
at  12  mm,  and  a  fraction  boiling  at  246-250* (calculation  for  normal  pressure  gave  about  405^  was  obtained. 

The  fraction  distilled  in  this  manner,,  rapidly  crystallized  and  had  an  m.p.  86*.  The  following  was  found  upon 
elementary  analysis:  C  93.l53t;  H  6.85^t;  M  256  261,  254.  Calculated  for  CmHjs:  C  93.02^;  H  6.98^;  M  258. 
These  resuhs  correspond  to  dibenzylbenzene  whlcu  has  m.p.  86*.  Therefore,  it  was  proven  that  tbe  transforma¬ 
tion  of  diphenylmethane  proceeds  according  to  the  same  scheme  as  for  benzene  hotnologs.  The  above  method 
for  the  separation  of  the  reaction  mixture  was  also  ai^lied  for  the  investigation  of  the  producu  of  the  transforma¬ 
tion  of  diphenylmethane  at  usual  pieuure. 

Experimenu  at  ordinary  pressure.  A  series  of  experimenu  was  conducted  for  tbe  purpose  of  investigating 
the  equilibrium  between  the  starting  and  newly  formed  products  of  the  reaction.  The  extent  of  the  transformation 
was  checked  by  the  yields  of  benzene,  since  no  other  readily  volatile  producu  were  obtained  during  the  reaction. 
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The  ejqjerlmcnts  were  conducted  in  en  iron  srill  by  heating  to  lefut  at  120,  135,  150,  and  170*  in  the  liquid 
for  long  periods.  After  definite  periods  of  lime,  the  sail  was  cooled,  and  a  definite  amount  of  the  liquid  ptoducu 
was  removed  with  a  pipette,  and  was  investigated  for  benzene  content  by  distillation  to  90*.  The  distillate  ob¬ 
tained  was  considered  to  be  benzene,  and  its  quantity  calculated  on  the  total  amount  of  diphenylmethane  used. 
Then  the  benzene  along  with  the  residue  of  its  distillation,  was  returned  to  the  still,  and  the  heating  was  c  ontlnued. 
In  all.  24  experiments  were  conducted  (see  Table). 


Tield  of  Benzene  (in  %  During'  the  Transfonnation  of  Diphcnylmethane  at  Various  Temperatures  and  Keating  Times 


Experiment 

No. 

Temperature 

Heating  time 
(in  hours) 

Yield  of  ben- 
zerre  (in  ^) 

Experiment 

No. 

Temperature 

Keating  time 
(in  hours) 

Yield  of  ben¬ 
zene  (in  ^) 

1 

120* 

2.5 

0.49 

13 

150 

5 

9.03 

2 

120 

5 

1.40 

150 

10 

9.20 

3 

120 

10 

2.32 

15 

150 

15 

9.30 

4 

120 

15 

2.39 

16 

170 

0.5 

6.80 

5 

135 

1.25 

3.62 

17 

170 

1.25 

9.0 

/  6 

135 

2.5 

5.60 

18 

170 

2.5 

10.5 

7 

135 

5 

6.10 

19 

170 

5 

11.3 

8 

135 

10 

6.30 

20 

170 

10 

11.6 

9 

135 

15. 

6.40 

21 

170 

15 

11.5 

10 

150 

0.5 

2.90 

22 

200 

1.75 

20.0 

11 

150 

1.25 

6.50 

23 

200 

5 

21.7 

12 

ISO 

2.5 

8.06 

24 

200 

10 

21.8 

The  last  three  experiments  in  the  above  Table  were  conducted  in  an  autoclave.  Examination  of  the  data  in 
the  Table  diows  tiut  equilibrium  is  attained  at  the  following  yields  of  benzene:  at  120*  after  10  hours  with  a 
yield  of  benzene  of  at  135*,  after  5  hours  with  a  yield  of  benzene  of  11^.  and  at  200*,  after  approximately 
2  hours  with  a  yield  of  4>enzene  of  21*^.  Actually,  equilibrium  was  attained  even  at  an  earlier  time,  bin  the  Table 
cannot  be  used  to  Judge  this  time  because  the  expetimenu  were  conducted  with  the  removal  of  samples  with  rather 
longintermediate  times.  Calculated  giaphically:  at  120*,  about  10  hours,  ax  135*  about  4  hoots,  at  150*,  about 
3.5  houB,  at  170*,  about  3  hours,  and  at  200*  about  2.5  bouts. 

An  attempt  was  also  made  to  obtain  dlphenylmethane  from  benzene  and  dibenzylbenzene,  i.e.,  to  accomplish 
an  equilibrium  leading  from  the  reaction  products  to  the  starting  subsunces.  Benzene  and  dibenzylbenzene  in  a 
ratio  of  1: 1  with  an  equal  amount  of  activated  clay  was  heated  to  reflux  for  33  hours.  The  temperature  of  the 
mixture  was  initially  equal  to  the  boiling  point  of  the  mixture,  i.e..  110*i  after  33  hours,  it  increased  to  116*.  after 
which  analysis  of  the  mixture  showed  the  presence  of  7^  of  dlphenylmethane  in  it.  This  experiment,  however, 
cannot  have  any  quantitative  character,  and  an  experiment  in  the  autoclave,  where  it  would  have  been  possible 
to  raise  the  temperature,  would  have  been  more  conclusive. 

The  possibility  of  re-use  of  the  activated  gumbrin  was  checked  in  a  series  of  experiments.  A  catalyst  treated 
for  a  prolonged  time  at  135*  was  used  for  the  experiment.  After  washing  it  with  benzene  and  drying  at  250*,  100 
g  of  such  a  catalyst  and  100  g  of  dlphenylmethane  were  heated  for  2.5  hours  at  170',  10.4  g  of  benzene  was  obuined: 
this  meant  that  the  re-use  of  the  catalyst  was  possible,  and  that  the  stopping  of  the  reaction  was  caused  by  attain¬ 
ment  of  equilibrium,  and  not  by  poisoning  of  the  catalyst. 

SUMMART 

1.  Dipbenylmethane  is  very  readily  aanslbrmed  into  benzene  and  dibenzylbenzene  in  the  presence  of 
aluminosilicate  catalyst  even  at  120*. 

2.  Methylbenzene  was  not  formed  at  all  during  these  transformations. 

3.  The  tiansformation  reaction  has  an  equilibrium  character,  and  diphei^lmethane  was  formed  by  heating 
dibenzylbenzene  with  benzene. 
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INVESTIGATIONS  OF  CONJUGATED  SYSTEMS 
L  SYNTHESIS  AND  PROPERTIES  OF  BROMOPRENE  HOMOLOGS 
E.  A.  Leportkaya  and  A.  A.  Petror 

Recently,  because  of  the  discovery  of  outstanding  tubbeigenlc  properties  of  dienlc  hnlogen  derivatives, 
many  invest igations  have  been  conducted  on  the  synthesis  of  these  substances  by  various  methods  £11  The 
synthesis  and  properties  of  halogen  derivatives  of  butadiene  have  been  studied  in  the  greatest  detail.  Tbeie 
it  a  considerable  blank,  however,  in  regard  to  the  horaologs  of  the  latter.  ThU  is  especUUy  true  for  the  bio- 
mine  compounds. 

We  decided  to  prepare  a  series  of  normal  homologs  of  bromoprene,  because  of  a  previoas  study  of  the 
peculiarities  of  reactions  of  dlenic  halogen  derivatives  with  alkyl  hypohalites  £2,  31  The  coresponding  chloia* 
prene  horaologs  had  previously  been  reported  in  the  literature  (41  They  were  obtained  by  the  reaction  of  homo¬ 
logs  of  vinylawotylene  with  hydrogen  chloride  in  the  presence  of  Cu/:i^  Four  horaologs  of  bromopcene  were 
obtained  by  an  analogous  method,  the  action  of  hydrogen  bromide  on  alkylvinylacetylene  in  the  presence  at 
CU|ft|^ 

These  substances  ate  colorless  liquids  with  ethereal  odors.  Their  constants  are  given  in  Table  1, 


TABLE  1 


Substance 

•  Boiling  poirtt 

‘  (W*) 

j  Pressure 
j  (in  mm) 

■Hi 

Found 

Calculated 

CHf-CH~C&==CH,(5]  .. 

...|  42-43 

1  165 

1.3970 

1.4988 

27.94 

27.50 

CH|=CH -C&*CH,-CH, 

.  .:  67.5-68.5 

1  120 

1.3308 

1.5113 

33.11 

32.  IP 

CH,=CH -CjH, 

.  .!  86.5-87 

;  120 

1,2706 

1.5070 

37.84 

36.74 

CH,*CH  -CBr=CH  -C»H, 

..j  64-65 

‘  20 

1.2210 

1.5040 

42.48 

41.36 

ai,=CH  ~C&=CH  -  C4Ha 

..j  83-83.5 

i  ^ 

1.1829 

1.50C8 

47.11 

45.97 

It  is  apparent  from  the  dau  in  Table  1  that  there  is  a  regular  increase  in  the  boiling  point,  decrease  in  the 
density,  and  in  refractive  index.  AH  of  the  substances  possess  an  exaltation  in  the  molecular  refractlvity,  Btorngr 
prene  deviates  somewhat  from  its  series  of  homologs:  it  has  a  consi^iably  smaller  refractive  index  and  shows  a 
smaller  exaltation  in  the  molecular  refractlvity.  This  is  explained  by  the  so*called  "central  disruption*  of  con¬ 
jugation.  This  central  disruption  is  leveled  by  the  effect  of  the  strongly  polatUing  system  of  substituents  in  the 
btonlne  homologi.  A  simUar  relationship  occurs  in  the  series  of  chloroprene  and  its  homologs  [1,  3X  The  stroctve 
of  the  bromoprene  bomologs  obtained  was  established  on  the  basis  of  the  study  of  their  properties. 

1)  All  of  the  sid>stances  polymerize  and  tar  upon  storage. 

2)  They  eliminate  bromine  very  slowly  upon  heating  wiih  alcoholic  KOH  solution.- 

3)  They  participate  readily  in  dienic  synthesis  upon  beating  with  esters  of  fumatic  and  mnleic  acids,  and 
give  the  corresponding  esters  of  alkylbromocyclohexenedicarboxylic  acids,  wherein  the  latter  substances,  like 
the  satting  ones,  possess  stability  to  alkalies  in  relation  to  the  bromine  atom. 

4)  A  very  intense  frequency  for  the  double  bond  of  1628  Cm”^  was  found  in  the  Raman  spectrum  of  ethyl- 
bromoprene.  The  frequency  for  the  triple  bond  was  abseit. 

The  first  two,  and  the  fcuih  property  of  the  subsunces  obulned  indicate  the  presence  of  a  conjugated  system 
of  double  bonds  in  their  molecules.  The  third  property  indicates  that  the  bromine  atom  U  found  at  the  double 
bond. 


Thcrefare,  the  only  acceptable  formula  of  the  six  posable  for  the  products  of  the  addition  of  hydrogen  bro¬ 
mide  to  bomologs  of  vinylacetylene  is  CH|==CH  -CBl=CH  -R. 

EXPERIMENTAL 

Fa  the  prepaution  of  the  bxomopreae  bomologs.  the  authors  initially  applied  a  method  used  for  the  prepara¬ 
tion  of  hcomoprene  from  vinylacetylene.  A  mixture  the  enynic  hydrocarbon  and  a  solution  of  CujBrt  in  con¬ 
centrated  bydxobromic  acid  was  shaken  8-10  hours.  The  yirkl  of  the  alkylbiomoprene  was  10~1S^  under  these 
conditions. 

Bener  results  were  obtained  by  the  addition  of  ammonium  bromide  or  an  amine  hydrobtomkle  to  the  reaction 
mixture.  However,  the  yield  of  the  alkylbromoptenes  could  not  be  raised  above30-35^.  Thus,  fa  example.  110  g 
of  hexen-l'yne-2  was  shaken  for  10  hours  with  a  solution  of  110  g  of  Cu^ESf  in  375  gof  n  solution  of  hydrogen  bro¬ 
mide  saturated  at  0*(d  1.64)  into  which  9  g  of  raethylamine  was  passed  inirially.  The  reaction  prodncu  were 
separated  from  the  aqueous  layer,  washed  with  water,  dried  with  CaCl  p  and  vacuum  distilled.  Results  of  distil¬ 
lation  at  120  mm:  1)  to  78*  62.5  g  (starting  hydrocarbon),  2)  78-85*,  1.3  g,  3)  86-88*.  44.2  g,  4)  89-90*  g, 
5)  residue.  13  g. 

Table  2  gives  the  analytical  results  for  the  bromoprene  homologs. 


TABLE  2 


■  ■■  1 

Substance 

1  Sample  j 

'  (in  g)  ! 

j  Weight  of 

AgBr  (in  g) 

1  •f>  Bt 

1 Found 

Calculated 

CH,=CH-Cft=CH-CH, . 

0.1168  1 

0.1494 

54.43 

54.36 

CH,=CH-C»=CH-C,H* . 

0.1282  ! 

0.1508 

50.05 

49.62 

CH,=CH-Ca=CH-C,Hx . 

0.1194 

0.1293 

46.08 

45.65 

CH,=CH-C&=CH-C4H, . 

0.116C 

0.1164 

42.70 

42.24 

TABLE  3 


msBim 

rr 

i  ‘ 

Found 

1  Calculated 

^ —  COOCHg  j 
COOCHs  i 

! 

f  from  the  maleate  ' 
l^from  the  fumarate 

1 

!  165-166 

165-166 

1 

1 

!  1.3796 
i  1.3693 

1 

1 

jl.5035 

;i.5040 

65.89 

66.00 

j  66.02 

I  66.02 

1 

1 

Br_  C^7 

—  COOCH, 
'•-COOCH, 

^  1 

from  the  maleate  | 

1 

!  169-170 

1 

1 

I 

1.3308 

1.5000 

70.57 

! 

1 

! 

1  70.64 

1 

Br 

COOCH,  . 
COOCH, 

J' 

from  the  maleate 
from  the  fumarate 

L  1 

1 

178.5-179.5 

178-180 

1 

1.2996 

1.2926 

( 

1.4980 

1.4980 

75.15 

75.56 

75.26 

75.26 

The  condensation  of  the  alkylbroinoprenes  with  dimethyl  fumarate  and  maleate  was  conducted  in  sealed 
.ubes  at  150  in  toluene  solution  for  8  hours.  These  conditions  were  analogous  to  those  generally  in  the 
authors'  laooratories  during  the  study  of  the  condensation  of  esters  of  unsaturated  acids  with  dienic  hydrocarbons. 

A  small  amount  of  dimethyl  fumarate  was  always  obtained  in  addition  to  the  coixlensatlon  products,  in 
reactiots  with  the  maleic  ester.*  Evidently,  under  the  conditions  of  the  reaction,  an  Isomerization  of  maleate  to 
fumarate  occurs,  possibly,  as  a  result  of  the  catalytic  effect  of  traces  of  hydrogen  bromide  separating  from  the 
alkyl  bromoprene  upon  beating.  Fa  this  reason,  it  is  believed  that  the  condensation  products  obtained  from  alkyl- 
biomoprenes  and  diethyl  maleate  were  not  pure  els  isomers. 

The  dimethyl  esters  of  the  alkylbroraocyclohexendlcarboxyllc  acids,  obtained  as  a  result  of  this  condensa¬ 
tion.  were  viscous,  colorless,  almost  odaless  liquids.  Table  3  gives  the  consunu  of  several  of  the  subsunces 
isolated. 
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Analytical  re;,  alts  for  these  substances  are  given  In  Table  4. 


TABLE  4 


1  g  of  ethylbromoptene  was  heated  on  the  boiling  water  bath  with  a  10^  KOH  solution  (double  excess)  in 
methanol  for  1  hour.  0.0384  g  or  7.*^  of  the  bromine  present  in  the  sample  went  Into  solution.  In  an  analogous 
experiment  with  butylbromopreoe,  l.&’h  of  bromine  went  into  solution.  The  products  of  the  condens.stion  of  bromo 
ptene  homologs  with  dimethylfumatate  practically  do  not  eliminate  btomine  under  these  conditions. 


SUMMARY 

1.  A  series  of  homologs  of  bromopfene  was  obtained  by  the  action  of  hydrogen  bromide  in  the  presence 
of  CuiBtj  upon  vinyl  acetylene  bomologs. 

2.  The  condensation  of  these  substances  with  dimethyl  maleate  and  fumatate  was  investigated. 
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TERTIART  ACETYLENIC  TRIOLS  AND  THEIR  TRANSFORMATIONS 
IV.  DEHYDRATION  OF  2.3.6-TRIMETHTLHEPTYNE'4-TRIOL-2.3,«. 

V.  I.  Nikitin  nod  A.  Kh.  XhnmntOT 

Tettlnry  ncetylccic  glycerines,  prepared  by  n  method  developed  by  one  of  the  authots  [1,  2],  require  a 
systematic  study  as  a  new,  very  interesting  c la *s  of  compounds.  The  molecule  of  such  a  glycerine,  carrying 
three  hydroxyl  groups  and  an  acetylenic  bond,  must  possess  the  chemical  properties  of  alcohols  and  glycols  of 
the  acetylenic  series;  On  the  other  hand,  certain  peculiarities  in  the  structure  of  these  molecules  must  favor 
c***^t*  eccentricities  in  their  chemical  behavior,  which  are  of  theoretical  aitd  syinhetlc  Interest. 

The  relation  of  glycerines  to  dehydrating  agents  deserves  attention. 

It  is  widely  known  that  y 'glycols  ,  as  well  as  acetylenic  carbinob,  lost  water  upon  dehydration, with  the 
formation  oi  viaylacetylenic,  ,ht  divinylacetylenic  hydrocarbons. 

Du  IV)i!t,  who  first  used  dilute  sulfuric  acid  for  the  dehydration  of  the  acetylenic  y -glycol,  tetramethyl- 
ynediol  [3],  in  addition  to  the  main  reaction  product,  dilsopropenylacetylene,  isolated  dimethylisopropenyl* 
acetylenylcarbinol  as  an  intermediate  product  resulting  from  the  incomplete  dehydration  of  the  yglycoU  Yu.  S. 
Zalidnd,  E.  D.  Venus-Oanilov  and  V.  L  Ifyabtseva  [4]  showed  tlut  the  y  glycol -asymmetrical  dimethyldi phenyl* 
bixynediol  — underwent  a  rearrangement  into  products  isomeric  to  it  under  the  action  of  an  alcoholic  solution  of 
solfuric  acid.  Depending  upon  the  concentration  of  the  acid,  either  a  substituted  tetuhydiofuranone  or  an  a- 
diketone  with  an  open  chain  of  carbon  atoms  -2-methyb-b,5'diphenylpenundiol-3w  4  was  formed.  GlycoU  under¬ 
went  a  plnacol  rearrangement  with  more  or  leu  ease  under  these  conditions,  which  was  first  discovered  by  A.  M. 
Butlerov  [5]  for  saturated  pinacob  and  was  studied  later  in  deui)  by  Meetweln  [61 

A.  E.  Favotsky  and  A.  S.  Onishchenko  [7]  treated  the  acetylenic  aglycoL  uimethylacetylenylethylene 
glycol,  with  concentxat  *  sulfuric  acid,  and  showed  that  the  glycol  mainly  underwent  a  pinacollne  reanangn- 
ment  to  form  an  acetylenic  ketone  which  was  hydrated  at  once  into  the  saturated  diketone,  3, 3-<iimethyl» 
pentad  lone-2.  4. 

E.  D.  Veiuis-Danllova  and  qownrkers  (8,  9,  XO]  showed  that  certain  acetylenic  aglycob  underwent  an 
acetylenyl-nllenyl  rearxengemett  under  the  action  of  sulfuric  acid,  as  a  result  of  which  the  unsaturated  y-4teto 
alcohol  was  formed,  which  thencycllzed  Into  the  substituted  hydroxy dlhydrofurane.  E.  D.  Venus-Danllova  and 
L.  A.  Pavlova  [11]  also  found  that  a  pinacollne  reaaangement  occuned  with  the  acetylenic  aglycoL  methyl* 
diphenyltertiarybutylacetylenylethyleneglycoL  By  treating  it  with  30^  sulfutlc  acid,  they  isolated  an  acetylenic 
ketone,  3,3-diphenyl-6,  B-dlmethylheptyne-^one *2,  which  formed  in  addition  to  the  products  of  the  acetylenyl* 
allenyl  rearrangement.  L  N.  Nazarov  and  L  V.  Toigov  [123  obtained  two  products  by  the  distillation  of  a  vinyl* 
acetylenyl  oglycol,  uimethylvinylacetylenylethylene  glycol,  over  potauium  bbulfate:  a  dienynlc  caibinol, 
the  product  of  the  incomplete  dehydration  of  the  vinylacetylenyl  aglycol.  and  a  vinylacetylenyl  ketone,  a  re* 
sob  of  the  pinacollne  rearrangemeot. 

The  results  of  the  study  of  the  action  of  dehydrating  agents  upon  2,3,6-trlmeUiylhep*yne-4-trlol-2,^6 
(0  which  b  the  simplest  member  of  the  tertiary  acetylenic  tnob,  b  reported  in  the  present  communication. 

Trimethylbeptynetriol  (D  was  subjected  to  the  dehydrating  action  of  20^  sulfuric  acid,  potassium  bl- 
solfate,  and  p-coluene-sulfonlc  acid.  The  main  product  of  the  reaction,  in  all  cases  (from  40  to  62^)  b  the 
vinylacetylenyl  aglycol.  trimethylboptopenylaceiylenylethyiene  glycol  (2,3j6-clmeihylhei*yne-4<ne-6- 
dlol-^2,3)  (li)  which  was  a  glycerine-dike  liquid  (b.p.  74  -75*  at  1.6  mm)  obtained  as  a  result  of  the  loss  of  water 
from  one  of  the  hydroxyl  groups  of  the  acetylenyl  trioL  The  dienynlc  carbinoL  2,6'dimethyl-3'methylene- 
hcptyne-4-ea  -6-ol-2  (III)  was  always  present  in  small  amounts  (about  4-Sf>  of  the  triol  reacted)  in  tbg  dehy¬ 
dration  products..  (A  mobile  liquid,  boiling  at  73-74*  at  6  mm),  ii  b  the  product  of  the  dehydration  of  the 
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hepcvt^etciol  with  tbe  panlcipatioa  of  t¥K>  of  iu  hydroxyl  sioupc: 
CH,^  CH| 


C-OH 

CH»“C-OH 

C 

u, 

c 

C-OH 

ch,/N  CH, 

(0 


<j)H  OH 

C 
! 

CHs  CH} 


CH,— C — C— 'C  — C —  C=CH, 

y  *  \  \  I 

CH, 

(ID 


OH 

^CH,— C — C — C':^  -C — C  =CH, 


II 

CH,  CH, 


CH, 


(HD 


The  Urgest  yield  of  the  glycol  (40^  of  the  InitUl  uiol)  was  obulned  %flth  20%  acid  upon  dehydration  with 
sulfuric  acid.  U  5-10%  sulfuric  acid  was  used  foe  the  leactioo,  a  consideiable  pan  of  the  starting  heitycetiiol  was 
recovered;  a  30-50*^  acid  caused  a  strong  tarring. 

The  yield  of  the  glycol  (U)  was  60-62^  in  the  case  of  the  dehydration  of  trimethylheptyoeuiol  by  vacuum 
distillation  over  potassium  bisuliiate.  or  pHolunesulfonic  acid. 

Therefore,  tertiary  acetylenic  glycerines  do  ixit  uixlergo  the  isomeric  transformations  or  pinacoline  rearrange 
ments  under  the  conditions  of  the  dehydration  reaction,  sdiich  could  have  been  expetred  by  analogy  with  a'glycols. 


The  structure  of  glycol  (ID  was  proved  by  oxidation  with  a  potassium  permanganate  solution:  acetone,  di* 
methylacetylcarbinol.  formic  acid,  acetic  acid,  and  oxalic  acid  were  obtained.  The  structure  of  the  dienynic 
alcohol  (IU),  obtained  with  the  glycol  (H).  was  also  proved  by  oxidation  with  potassium  petmangaiute.  Acetone, 
formic  acid,  acetic  acid,  and  oxalic  acid  were  obtained. 

4  molecules  of  hydrogen  tvere  absorbed  during  the  hydrogenailon  of  the  dienyne  carbinol  (HI),  which  al«> 
confirmed  its  structiae.  The  hydrogenation  of  trimethylisopropenylacetylenylethylene  glycol  (H).  in  the  presence 
of  a  platinum  caulyst  in  dry  methanol  solution,  proceeded  energetically  at  first,  and  then  after  the  additioa  of 
2  molecules  of  hydrogen,  almost  stopped.  The  product  obuined  distilled  at  69-70*  at  1.S  mm.  and  in  all  ai^>eax- 
ances.  was  an  ethylenic  a-glycoL  h  was  hydrogenated  ftrther  with  the  absorption  of  1  molecule  more  of  hydro* 
gen  into  the  completely  saturated  glycol  (IV). 

The  saturated  a*glycol.  2.3,6-trimethylheptanediol-2.3  (IV)  (a  crysulUne  product  with  m.p.  42^430  ob¬ 
tained  in  this  manoer.  underwent  a  pinacoline  reanangemeni  by  the  action  of  sulfuric  acid  to  give  a  keewte, 

3,3.6 4riTnethyIhepcaoDne-2  (V)  (a  liquid  with  a  pleasant  odor  with  b.p.  65-67*at  11  mm),  which  readily  formed 
a  semicarbazone  and  2.4-dinUrophenylhydrazone.  The  structure  of  ketorte  (V)  as  3,3,6-trimethylhepcaiiorve42 
follows  from  the  fact  that  a  considerable  amount  of  bronx>forrp  was  obtained  by  oxidizir^  it  with  hypo- 


In  addition  to  the  pinacoline  rearrangement,  the  dehydration  of  glycol  (IV)  to  the  dienyic  hydrocarbm^ 
2.3.6-CximetbylhepcadieDe-1.3  also  occurred  partially:  the  latter  could  not  be  Isolated  in  pure  fornu  A 
with  b.p.  55-67*  at  11  mm  was  obtained  which  contained  ketone  (V)  as  an  impurity.  It  formed  crystals  widi 
m.p.  134-135  with  maleic  anhydride;  it  could  not  be  investigated  further  because  of  null 
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experimental 


The  initial  2,^6-tiimethylheptyne-4-triol-2,3.6  was  prepared,  as  reported  by  one  of  the  authors  p.3.  by 
ihe  condensation  of  dimethylacetylenylcarbinol  with  dimetbylaceiylcarbinol  and  had  an  m.p.  82*63*. 

I.  Dehvdratica  of  2.3.:  -rri  3. 6. 

2(ffi  sulfuric  acid.  A  mixture  of  50  g  of  2.3.6-trimethylheptyne-4-triol-2,3,6  and  200  ml  of  2(flb  sulfuric 
acid  was  heatod  for  2  bouts  on  a  boiling  water  bath  in  a  flask  with  a  reflux  condenser.  The  reaction  product 
was  extracted  with  ether,  treated  with  a  dilute  sodium  carbonate  solutioa  dr  icd  with  sodium  sulfate,  and  then 
after  the  removal  of  the  ether,  vacuum  distilled  at  2  mm: 

Fraction  1  with  b.p.  up  to  76*.  2.4  g.  n^  1.4960;  fraction  2  wUh  b.p.  V6-77*  18.0  g.  ng  1.4888.  Tatty 
residue.  20.6  ft. 

The  fraction  with  b.p.  76-77*  at  2  mm  was.  as  it  was  shown,  trimethylisopropenylacetylenylethylene  glycol 
(11);  yield  40^  of  theory  based  on  the  trimethylheptynetriol  used  fcs  the  reaction. 

Potassium  bisulfate.  A  mixture  of  20  g  of  2.^6*triroethyIheptyne*4-triol*2.3,6.  7  g  of  potassium  bisulfate, 
and  0.1  g  of  pyiogallol  was  heated  at  3-4  mm  to  150-155*  on  a  metal  bath.  15.9  g  of  a  subsunce  distilled  at 
70-110*;  A  total  of  140  g  of  trimethylheptynetriol  was  dehydrated  in  several  experiments,  and  98.3  g  of  crude 
product  was  obtairsed. 

The  crude  reaction  product  was  dissolved  in  ether,  and  dried  with  sodium  sulfate.  After  several  vacuum 
distillations,  the  following  fractions  were  isolated: 

Fraction  1  with  b.p.  74-75*  at  7  mm.  4.8  g.  n”  1.5043  fraction  2  with  b.p.  74-75*  at  1.5  mm.  72.5  g. 
n*  1.4S88;  fraction  3  with  b.p.  115-120*  at  1.5  mm.  10.5  g  (crystals). 

The  fraction  %rith  b.p.  115-120*  at  1.5  mm  was  the  starting  2.3,6-crimethylhepcyne-4-triol-2.3,6.  The  yield 
of  the  fraction  wtrh  b.p.  74-75*  at  1.5  mm  was  62fl(»  based  on  the  heptynetriol  consumed. 

p-Toluenesalfonic  acid,  A  mixture  of  25  g  of  2,3,6-£rimethylhepiync-4*trjol-2.3.6.0.08gof  p-toluenesulfonic 
acid,  and  0.1  g  of  pyrogallol  was  heated  to  150-155*  at  3*4  mm  on  a  metal  bath;  21.8  g  of  product  was  distilled 
at  70-105*.  25  g  moce  of  the  trimethylheptynetriol  was  dehydrated  under  these  conditions,  and  21.9  g  of  product 
was  distilled. 

The  products  of  both  experiment.s  were  combined,  dissolved  in  ether,  dried  with  sodium  sulfate,  and  distilled 
at  1.5  ram: 

FtacUon  1  with  b.p.  to  72,*  7.3  g.  n^  1.4941;  fraction  2  with  b.p.  72-74*.  27.3  g.  n^  1.4887;  fraction  3  with 
b.p.  74*  and  above.  3.7  g;  residue.  5.3  g. 

Fraction  3  was  the  unreacted  staiting  trlmethylheptynetrioL  The  yield  of  the  main  fraction  with  b.p.  72-74* 
at  1.5  mm  was 

The  similar  fractions  of  all  experiments  were  combined  and  redistilled  in  vacuum.  After  several  redistil¬ 
lations,  two  fractions  were  obtained: 

Fraction  1  with  b.p.  73-74*  at  6  mm.  n”  1.5043;  fraction  2  with  b.p.  74-75* at  1.5  mm,  n*  1.4888. 

1.  Iirvestigation  of  the  Fraction  with  b.p'.  73-74*  at  6  mm. 

dj  0.9007.  n^  1.5043.  Found:  MRq  49.34.  Calculated:  MPq  46.97 

0.  1326  g  subaancc.  .*.363o  g  CO,;  0.1 146  g  Hp.  0.1440  g  substance;  0.4178  g  CO,:  0.1231  g  Hp. 

Found  C  78.77.  78.96;  H  9.67  9.56.  C,oH,p.  Calculated ‘J::  C  80;  H  9.33.  0.0992  g  subflance; 

17  ml  CH4(27*.  6FS..-  mi.i).  0.0990g  substance;  1C. 6  nil  CH4(26.2*  688.8  min).  Found  OK.10.75.  • 

10.63;  Ci^yfy.  Calculated  <9^:  OH  11.3. 

Oxidation.  200  ml  of  a  and  then  700  ml  of  a  4^  alkaline  potassium  permanganate  solution  (32  g  of 
KM n04  calculated  for  7  active  oxygen  atoms  for  1  molecule  of  the  substance)  were  added  dropwise  with  mechanical 
stirrLng  over  a  7-hoix  period  to  6.5  g  of  the  substance  in  60  ml  of  water.  After  the  addition  of  all  of  the  KMnO^ 
solution,  the  manganese  dioxide  was  filtered,  ard  a  distillate  with  the  neutral  substances  was  removed  from  the 
filtrate.  The  fust  drops  of  the  distillate  gave  a  2.4-dinitrophenylhydr3zone  with  m.p.  125-126*  (from  alcohol)  with 
2.4*dinitrophenyIhydraxitje.  A  mixed  melting  point  with  acetone  2.4'dinitrophenylhydra2one  gave  no  depression. 
Other  neutral  substances  were  not  detected. 
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The  solutioQ,  after  the  removal  of  the  neutral  substances,  was  acidified  with  hydrochloric  acid,  and  the  vola¬ 
tile  acids  distilled  with  steam.  730  ml  of  a  distillate  was  obtained  which  required  608.2  ml  of  0.1  N  NaOH  con¬ 
taining  2.4  g  of  NaOH  for  neutralization.  The  presence  of  formic  acid  was  esublished  in  the  distillate  by  the  calo¬ 
mel  test,  and  that  of  acetic,  by  the  cacodyl  test 

The  volatile  acids  were  converted  into  silver  salts.  The  mlxtore  of  silver  salts  of  formic  and  acetic  acids 
was  boiled  with  water  for  the  decomposition  of  silver  formate:  the  precipiuted  silver  was  filtered  throng  a  hoi 
funnel,  and  the  silver  acetate,  which  precipitated  in  the  filtrate,  was  analyzed. 

0.0962  gsalt;  0.0619  g  Ag.  0.0876  g  salt:  0.0564  g  Ag.  Found  Ag  64.40,  64.31.  CHjPOOAg.  Calculated 

1b:  AG  64.65. 

The  soloLioQ  remaining  after  the  removal  of  the  volatile  acids,  was  extracted  for  3  days  with  ether  in 
an  exuactot.  1  g  of  oxalic  acid  with  m.p.  101-102*  was  isoUted  from  the  ether  extract.  A  mixed  melting  point 
%rith  authentic  oxalic  acid  gave  no  depression. 

Therefore,  the  following  were  obtained  at  a  result  of  the  oxidation:  acetone,  formic  acid,  acetic  acid, 
and  oxalic  acid. 

Hydrogenation.  0.66  g  of  the  substance,  dissolved  in  20  ml  of  dry  methanol,  was  hydrogenated  over  platinum 
oxide  (according  to  Adams)  for  3  hours.  370  ml  of  hydrogen  was  absorbed  at  20*  and  694  mm.  Calculated  for  4 
moles  of  hydrogen,  384  mU 

According  to  the  results  of  the  oxidation  and  the  hydrogenation,  the  fraction  boiling  at  73-74*  at  6  mm, 
n*  1.5043,  was  the  dlenynic  catbinol,2,6‘dimethyl-3-methyleneheptyne-4-en*6'Ol*2  (III). 

The  incomplete  agreement  of  the  tesuht  of  the  elementary  analysis  with  calculated  must  be  explained  by 
the  presence  of  some  vinylacetylenic  glycol  (U)  as  an  impurity. 

2.  Investigation  of  the  Fraction  with  b.p.  74-75*  at  1.5  mm. 

ng  1.4888,  0.9€96.  Found:  MRjj  49.99.  C|oH]^>  Calculated:  48.96. 

4.925  mg  substance:  12.882  mgCO^r  4.255  ml  H^.  3.850  mgsubstance:  10.054  mg  CC^  3.294  mgH/>. 

Found  C  71.38,  71.27;  H  9.67,  9.57.  Calculated  15»;  C  71.43;  H  9.52.  0.1120  g  substance: 

38.4  ml  CH4(34*,  685.1  mm).  0.1126  g  subsunce:  38.6  ml  CH4(35*,  685.1  mm).  Found  1b:  OH  20.83^ 

20.89.  CuHifO^  Calculated  1b;  OH  20.24. 

Oxidation.  19.1  g  of  the  substance  in  100  ml  of  water  was  used  and  2370  ml  of  a  3)b  potassium  permang¬ 
anate  solution  (71  g  of  KMnO^  calculated  for  6  active  oxygen  atoms  pet  mole  of  the  substance  isolated)  was 
added  dropwise  vrith  efficient  stirring  over  a  period  of  7  hours. 

The  neutral  subsunces  were  distilled  with  steam.  The  distillate  with  the  neutral  substances  was  concen¬ 
trated  by  means  of  gradual  distillation  to  250  ml;  acetone  with  b.p.  53-56*,  0.8  g,  was  obtained  from  the  distil¬ 
late  with  a  rectifying  column.  It  gave  a  semicarbazone  with  m.p.  187-188*  with  semlcarbazide  hydrochloride. 

A  mixed  melting  point  with  authentic  acetone  semicarbazone  gave  no  depression.*  The  solution  remaining  after 
the  distillation  of  the  acetone  was  extracted  for  3  days  with  ether  in  an  extractor.  The  ether  extract  was  dried 
>^h  sodium  sulfate,  and  distilled  after  the  removal  of  the  ether.  1.2  g  of  a  substance  distilled  (b.p.  132-135* 
njj  1.4120),  which  was  dimeihylacetylcarbinol  which  gave  a  semicarbazone  melting  at  160-161*.  A  mUed 
melting  point  with  authentic  dlmethylacetylcatbinol  semlcatbazcMie  did  not  give  a  depression. 

The  solixion  of  salts,  after  the  removal  of  the  neutral  substances,  was  acidified  wim  sulforic  acid,  and  the 
volatile  acids  steam  distilled.  The  volatile  acids  were  extracted  with  ether  from  the  distillate.  After  drying  and 
the  removal  of  the  ether,  three  fractions  were  collected: 

Fraction  1  with  b.p.  90-96*  1.3  g;  fraction  2  with  b.p.  96-110*  0.6  g:  fraction  3  with  b.p.  110-115*,  3.1  g. 

The  fraction  wUh  b.p.  90-96* contained  formic  acid,which  was  qualitaUvely  established  by  a  calomel  te*. 

The  fracUon  wUh  b.p.  110-115*  was  acetic  acid,  as  was  established  by  the  formation  of  cacodyl  oxide  and 
the  preparation  of  a  silver  wh. 

0.0372  g  salt;  0.0238  g  Ag.  D.1180  g  mU;  0.0758  g  Ag.  Found  1b;  Ag  64.00,  64.23.  CH^COOAg.  Calcu¬ 
lated  1b:  Ag  64.65.  * 

3.5  g  of  oxalic  acid  with  m.p-  101-102*  was  Isolated  from  the  rson-volatile  acids  (mixed  melting  point). 
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Therefore,  as  a  result  of  the  oxid«;oa  of  the  fraction  with  b.p.  74-75*  at  1.5  mm.  the  following  were  ob¬ 
tained:  acetone,  dimethylacetylcaibinol.  and  formic,  acetic,  and  oxalic  acids. 


The  results  of  the  oxidation  as  well  as  other  results  of  the  investigation  of  tbe  fraction  with  b.p.  74-75* a 
1.5  nun,  showed  that  the  latter  was  a  subaituted  vinylacetylenid'  eglycol  tximethylisopropenylacetylenylethy- 
lene  glycol  (11). 

Hydrogenation  of  trimethylisoptopenylacetylenylethylene  glycoL  6.65  g  the  substance  dissolved  In  60 
ml  of  dry  methanol  was  hydrogenated  over  platinum  oxide  (according  to  Adams)  at  12*  and  638  min.  After  the 
addition  of  2  moles  of  hydrogen,  a  sharp  decrease  in  the  absorption  of  hydrogen  occurred.  2250  ml  <rf  hydro¬ 
gen  was  absorbed  vrithin  2  hours  20  min,  (calculated  for  2  moles,  2010  ml). 

The  exj^eriment  was  repeated  with  8.6  g  of  the  subnance  in  60  ml  of  dry  a«cxhaiioL 

After  the  removal  of  the  methanol,  the  hydrogenation  prodneu  of  two  experiments  were  combir^d  and  dis¬ 
tilled  at  69-70*  at  1.5  mm.  14.5  g  of  a  substance,  n*  1.4610,  was  efataioed.  srhich  was  then  hydrogenated  in  a 
solution  of  50  ml  of  glacial  acetic  acid  over  platinum  oxide.  1980  ml  of  hydrogen  was  absorbed  at  15*  and  698.3 
mm  (calculated  2180  ml).  Therefore,  a  total  of  3  moles  of  hydrogen  were  consumed  by  1  mole  of  the  substance. 

The  completely  hydrogenated  product  was  extracted  with  ether  after  the  neutralization  of  the  acetic  acid, 
dried  over  poussium  carbonate,  and  distilled  at  1.5  mm: 

Fraction  1  vrith  b.p.  to  72*.  0,8  g,  n^  1.4570:  fraction  2  with  b.p.  72-76*.  12.5  g.  n*  1.4598;  residue,  0.8  g. 

ilpon  redlstillation  of  fraction  2,  11.5  g  of  a  substance  with  b.p.  67-^*  at  1  mm  was  obtained. 

n^  1.4522:  d^  0.9101.  Found:  MRq  52.77.  Calculated:  MKq  SZ.63. 

This  fraction  crystallized  upon  sunding,  and  melted  at  42-43*  after  xe^aystaUization  from  benzene. 

11.10  mgsubsunce:  28.06  mgCO|;  12.25  mgHp.  9.07  mgsuborance:  2295  mgCO|:  10.19  mgHp. 

Found  C  68.99,  69.05:  H  12.35,  12.56.  CiPtfip.  Calculated  1^:  C  68.90;  H  12.73.  0.1294  g  substance: 

39.3  ml  CH4(20*  589.9  mm).  0.1140  g  substarxe:  34.2  ml  CH4(21.6*,  6SS.9  mm).  Found  OH  19.54, 

19.21.  CuHxPa  Calculated  OH  19.54. 

Therefore,  the  fraction  with  b.p.  67-68^t  1  mm.  n^  1.4522.  was  23.6-uiix;cthyIheptandiol-2,3  (V). 

I!.  Dehydration  of  2,3,6-trlmethylhepiandiol-2. 3  (V). 

A  mixture  of  17  g  of  the  substance  in  300  ml  of  25^  sulfuric  acid  was  heated  on  the  water  bath  for  4  boon 
at  80-90*.  The  reaction  products  were  extracted  with  ether,  neutralized  with  sodim  carbonate,  dried  with  sodium 
sulfate,  and  distilled  at  11  inm  to  yield  the  two  fractions: 

FiacUon  1  with  b.p.  56-6?*,  25  g.  ng  1.4552;  fracUon  2  with  b.p.  65-67*  28  g,  n“  1.4260. 

1.  Investigation  of  the  Fraction  with  b.p.  55-67* at  11  mm 

dj  0.7922  1.4552.  Found:  MHq  47.28.  Cj,Huf  |  .  Calculated:  47.42 

0.1602  g  substance:  0.4664  g  CO,;  0.1794  g  Hfi.  01531  g  substance:  0.4550  g  CO^  0.1725  g  Hp. 

Found  7k:  C  79.45,  81.04;  H  12.54.  12.60.  CjiH*.  Calculated  5;  C  86.96;  H  1207. 

Hydroxyl  groups  were  not  found  by  the  method  of  Chugacv-Ts^vMliuMr. 

Condepsation  wl*h  maleic  anhydride.  0.75  g  of  the  substance  with  C.7g  maleic  anhydride  in  6  ml  of 
toluene  was  heated  for  20  hours  at  110-120*  In  a  sealed  tube.  After  removal  of  the  solvent,  the  crysub  which 
.  foimod  were  filtered  and  washed  with  hot  chloroform  to  remove  the  unreacted  maleic  anhydride.  0.2  g  of  cry- 
stab  were  obtained  which  were  recrystallized  from  dicbloroeihane  with  the  addition  of  several  drops  methaimL 
The  crystab  melted  at  134-135*,  and  were  not  subjected  to  further  invesagaiion  because  of  the  small  amount. 

On  the  basb  of  these  resulu  It  can  be  concluded  that  the  fractioa  with  h.p.  55-67*  at  11  mm  was  dienic 
hydrocarbon  of  structure  (V)  contaminated  with  a  higher  boiling  ketonic  fracty>a. 

Thb  concliEion  was  also  confirmed  by  the  fact  that  a  small  amount  of  semicar bazone  was  formed  by  treat¬ 
ing  the  fractioa  with  b.p.  55-57*  at  11  ram  with  scmicarbazide.  However,  the  hydrocarbon  purified  by  means 
of  the  semlcarbazone  could  not  be  isolated  because  it  completely  polymerized  into  a  light  yellow  glass-iike  mass 
upon  an  attempt  to  vacuum  distill  it. 
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2.  iDTCStiRaHon  of  the  Fraction  with  b.p.  65«67*si  11  mm. 

d*0.8303;  1,4260.  Found:  MRq  48.12.  CuH^.  Calculated:  MRq  48.32. 

0.1770  g  subsuince:  0.4950  g  CO,;  0.2024  g  Hfi.  0.1208  g  subsuocc:  0.3380  g  CO,:  0.1402  g  Hp. 

Found  C  76.26.  76.32;  H  12.79.  12.98.  CjPjP.  Calculated  C  76.84;  H  12.85. 

A  icmicarbazooc  with  in.p.  132^33*  (from  aqoeoai  alcohol)  was  obtained  in  the  fbim  of  needle¬ 
like  cnfstals. 

2.581  mg  subaance:  0.445  ml  N,{26*.  750  mm).  4.484  mg  subaance:  0.772  ml  N,(25*,  747  mm). 

Fouml  Ik:  N  19.43,  19.43.  CjHjPN^  CalcuUied  N  19.71. 

Ji  2.4diniuophcnylhydrazonc  with  m.p.  112-113*  (from  alcohol)  was  obuined  in  the  foim  of  gold¬ 
like  scales. 

4.663  mg  substance:  0.667  ml  N,(21*.  743  mmX  4.383  mg  substance:  0.640  ml  N,(23*.  745  mm). 

Found  N  16.25,  16.51.  Calculated  N  16.67. 

Oxidation  with  alkaline  hvpobromite.  17.2  g  of  bromine  was  slowly  added  dropwise  at  -10*  with  mechan¬ 
ical  stinin:  to  a  mixture  of  5.6  g  of  the  subsunce  and  4.3  g  of  sodium  hydroxide  in  17  ml  water.  After  the 
addition  of  the  bromine,  the  aliilng  was  continued  for  1.5  hours  more.  The  mixttxe  was  then  treated  with  thio¬ 
sulfate  and  the  neutral  substarves  exuacted  with  ether.  The  ether  extracts  were  dried  over  potassium  carbonate, 
and  after  the  removal  the  ether,  8.3  g  cd  a  substance  was  obuined  vrhich  was  distilled  at  ordinary  preuixe. 

A  fraction.  5.5  g,  was  collected  at  146-148 this  fraction  was  biomoform  accordirrg  to  the  boiling  point  and  the 
character  of  its  odor. 

The  obuining  of  bronoofotm  by  the  oxidation  of  fraction  with  b.p.  65-67*  at  11  mm,  as  well  as  other  re- 
suluof  the  investigation,  indicated  that  it  was  the  ketone,  3.3,64timethyIheptatM>ne-2  (V). 

SUMMARY 

1.  The  dehydration  reaction  of  2,3,6-trimethylheptyne-4<ricl-2,3,6  proceeded  mainly  with  the  elimiru- 
tion  cf  only  1  molecule  of  water  from  the  molecule  of  the  alcohol  to  form  a  substituted  vinyl -acetylenic 
«-glycoL 

2.  The  hydroxyl  groups  linked  with  two  neighboring  carbon  atoim  In  the  molecule  of  the  tertiary  triol  pos¬ 
sessed  a  great  subility  to  the  action  of  dehydrating  agents. 

3.  Four  new  subsances  unreportad  in  the  liietature  were  obuined:  2,3.6‘trtmethyIheptyne-4-«rK  -S^iol-RiS 
(trimethyllsopropenylacetylenylethylene  glycol),  2,6-dimethyl-3-methylenebeFtyne-4-eo  -6-01-2, 3,6 -trlmethyl- 
heptaQdiol-2,3,  and  3,3.6'tilmethylbepuiK>ae-2. 

4.  2.3.6-Trimetbylbepundiol-2,3  underwent  a  pinacoline  rearungement  under  the  action  of  dehydratii^ 
agenu  to  form  the  couespondlng  ketone,  3,3,6-trimetfaylhepunone-2. 
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U-DIMETHYLCYCLOPROPANE 


T*.  M.  Slobo4in.  V.  I.  Gilgoryeva.  and  Ya.  E.  ShmnlyakoTsky 

Cyclopropane  hydrocarbons,  accordii^  to  their  properties,  occupy  an  intermediate  position  between  the 
saturated  and  unsaturated  hydrocarbons.  They  are  capable  of  adding  halogens  and  hydrogen  halides.  They  are 
comparatively  easily  subjected  to  hydrogenation. 

The  addition  of  the  hydrogen  halide  acids  proceeds  with  great  speed  and  in  accordance  with  MarkoTnikoT*s 
rule,  and  leads  to  the  cleavage  the  bond  in  the  three  membered  ring  adjacent  to  the  carbon  atom  which  con* 
tains  substituenu  [1.  2.  3]. 

The  addition  reaction  of  halogens  with  the  cyclopropane  hydrocarbons  proceeds  more  complexly  and  leads 
irtostoftenio  the  formation  of  a  mixture  of  producu.  The  action  of  bromine  on  1.1-dimethylcyclopiopane  was 
first  studied  by  Gustavson  [2].  He  assigned  the  structure  of  2,4-dibromo>2-methylbutaae  to  the  bromide  formed  on 
the  basis  of  the  fact  that  trimethylethylene  was  formed  by  the  removal  of  bromine  from  it.  This  corresponded  to 
the  literatire  data  [4]  on  the  removal  of  bromine  from  2,4‘dibromO'2-methylbutanc.  However,  later  [SI  U  was 
shown  that  the  hydrocarbon  formed  by  the  removal  of  bromine  from  2,4‘dibiomo-2fnetbyibutane  has  etroneoisly 
been  accepted  as  being  trimethylethylene.  Actually  it  is  Isoprt^lethylene. 


In  the  present  investigation  the  bromides  formed  by  the  action  of  bromine  on  1,1-dimethylcyclopropane,  as 
well  as  the  hydrocarbons  obtained  by  the  temoval  of  bromine  from  these  dibromides,  were  studied. 

Two  lines  with  frequencies  of  1652  cm~^  and  1680  cm*^  were  found  in  the  Raman  specuum  of  the  hydro* 
carbon  formed  by  the  action  of  ginr.  dust  upon  the  bromides  obtained  from  Itldimethylcyclopropane.  The  ratio 
of  the  intensities  of  these  frequencies  was  3:2.  The  frequency  1680  cm'^can  be  caused  the  double  bond  of  a 
trisubstituted  ethylene.  For  a  hydrocarbon  of  the  composition  this  can  only  be  trimethylethylene.  The  &equen 

cy  1652  cm*^  indicated  the  presence  of  a  component  in  the  hydrocarbon  which  conuins  the  grouping  — ’ 

For  a  hydrocarbon  of  the  composition  CjHi^  only  asymm.  methylethylethylene  can  have  this  grouping.  On  the 
basis  of  visual  evaluation  it  can  be  concluded  that  the  obtained  mixture  of  hydrocarbons  contains  about  4(f%  of 
trimethylethylene  and  about  60^>  of  asymm.  methylethylethylene. 


It  could  be  expected  that  the  bromides  formed  by  the  action  of  bromine  upon  1,1-dimethylcyclopropane  con¬ 
tained  4(y^  of  trimethylethylene  bromide  and  60^  of  asymm.  methylethylethylene  bromide,  respectively.  Raman 
spectra  were  made  for  verification.  Table  1  gives  the  specual  dau:  the  bromides  obtained  from  1.1-dimethylcyclo- 
propane,  and  from  a  mixture  consisting  of  A<fh  ulmcthylethylene  bromide  and  60^  asymm.  methylethylethylene 
bromide. 

The  practicaUy  complete  identity  of  the  spectra  given  in  Table  1  proves  the  composition  ci  the  producu 
of  the  btomination  of  1,1-dimethylcyclopiopane  qualitatively  and  quantitatively. 


The  results  obtained  show  that  the  reaction  between  bromine  and  dlmethylcyclopropane  proceeds  quite 
complexly.  It  can  be  thoi«ht  that  in  the  first  phase  of  the  reaction  bromine  substUuies  a  hydrogen  in  the  cyclo¬ 
propane  ring,  as  well  as  in  the  methyl  group  of  the  side  chain.  The  hydrogen  bromide  formed  adds  at  once  to 
the  cyclopropane  ring,  in  accords ijce  to  Markovnlkov's rufc, and  leads  to  the  formation  of  both  bromides. 


^CH, 

CH.— CH»— C-it 
'CH, 


CH,— CH, — C-lk 

'cH, 
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TABLE  1 

Ramaa  Specrr**  of  d»e  Bromides 

(frequencies  In  cm~*  ,  —  ,  ,  - - 

Bromides  '  ?  4ajJ»trimethylet!i-’  Bromides  4(^  trimeihyfeth-  Bforfiidcs''  '40^ 'tiimctbylethylene 

from  1,1-di-  ylene  bromide. from  1.1-di-  ylene  bromide,60»>>  from  bromide,  6C^ 

mctbylcyclo-  ,  aiymm.  raerfiyl-  j  mcthylcyclp-  asymm.  methyl-  mcthylcyclo-  asymm.  methyl- 

propane  ■  ethylethylene  !  propane  ethylethylcne  propane  ethylene  bromide 

’  bromide  _ ■  _ bromide _ 


— 

183(10) 

184(8) 

619(8) 

618(8) 

1026(2) 

1054(2) 

294(5  w) 

292(4  w) 

634C10) 

634(10) 

1053(9  i 

322(2) 

323(9 

655(1) 

665(1) 

,  I 

t 

1078(0.5) 

387(2) 

385(3  w)  ' 

418(0.5)  ‘ 

682(1) 

1100(4)  j 

.  1105(5) 

423(1) 

700(1) 

703(1) 

1167(3)  i 

1167(4) 

442(2) 

437(0.5)  I 

765(7) 

765(8) 

1208(2)  ; 

1210(2) 

468(2) 

466(2)  [ 

797(5) 

797(7) 

1224(5) 

1227(6) 

494(3) 

493(9 

835(2) 

1285(3) 

1286(2) 

517(2) 

514(1) 

863(4) 

863(2  w)  ! 

1383(2) 

1384(1  w) 

543(2) 

543(2) 

880(2) 

1 

I 

1 

1431(4) 

563(2) 

560(2)  : 

938(4) 

936(2)  ! 

1 

1445(4  w)  ! 

1453(3) 

The  problem  of  hydrogenation  of  cyclopcopane  hydrocarboru  also  is  rather  complex.  Part  of  the  known  facts  indi¬ 
cate  that  the  hydrogen  adds  to  the  bead  adjaceix  to  the  sabstitixed  carbon  of  the  ring;  another  part  of  the 
known  facts  showsthat  the  addition  <£  Stydrogen  also  occurs  at  the  bond  opposite  to  the  substituted  carbon  of  the  ring. 

Thus  Rozanov  [3]  obtained  Isopeseane  by  hydrogenation  of  ethylcyclopcopane.  bopropylcyclopropane,  upon 
hydrogenation,  was  transformed  iiuo  a  mixture  consisting  mainly  of  2,3-dimethylbutaoe  [71  while  Isopropenyl- 
cyclopropane  was  convened  into  isobexane  upon  hydrogenation  [81  Kizhner  [8]  obtained  a  mixture  of  two  hydro¬ 
carbons  upon  hydrogenation  of  l-metbyl-S-isoproplycyclopcopane.  1,1,2-Trimethylcyclopropane  formed  a  mlxr 
tore  of  the  three  possible  products  epea  hydrogeoation  [lOX 


The  hydrogextation  of  l,l<dlmettylcyclopccpaae  over  a  nickel  catalyst,  deposited  on  kieselguhr,  at  ISO*,  was 
studied  In  the  preseix  investigation,  iupentane  withotx  any  noticeable  contamination  of  the  other  hydrogeoation 
product,  neopeatane,  was  obuined  a»  n  lesult.  Therefore,  the  hydrogen  added  to  the  bond  adjacent  to  the  substi- 
toted  carbon  atom  of  the  ting. 


In  order  to  determine  the  mechanism  of  hydrogenation,  experiments  with  insufficient  atirounts  of  hydrogen  were 
conducted.  An  irsense  line  with  a  fregueocy  of  1680  cm*^  appeared  in  the  Raman  spectra  of  the  products  obtained, 
which  indicated  the  presence  romidrrable  amounts  of  triroethylethylene  in  the  mixture.  In  addition,  all  of  the 
intense  frequencies  of  l,l-dimethylcyck>propane  *«re  reulned  in  the  specua.  This  fact  made  Is  possible  to  suppose 
that  the  first  act  In  these  experiments  on  hydrogenation  was  the  isomerization  of  l.l-dimethylcycloptopane  into 
trimethylethylene  which  was  hydrogeuied  to  Isopeoiaaer 


C^H  CH. 
CH,  ^CH, 


M 


ISO* 


CH, — CH  =  C 


cm, 


CH, 


15^ 

ISO* 


^CH, 

CH, — CH, — CH 

V 


The  synthesb  of  the  starting  1,1'dlroeihylcyck^opaiie  was  accomplished  accoidlng  to  the  scheme  [13]: 


CHs  O  „ 

CH— C^.  Nl 

Cti 


CH,  ^CHPH 
CH,  CHpH 


PBT 


cm.  .CHp  cm, 

X  ^IX 

cm,  cHp  cti,  cm. 


•  The  spectra  were  taken  on  the  spectrograph  ISP -51  with  a  camera  of  f  =  270  mm.  The  measurement  of  the 
lines  was  effected  on  the  measuring  microscope  IZA-2.  the  calculation  of  the  frequencies  by  Hartman’s  formula 
with  the  aid  of  a  reference  spectrum  cf  Fe. 
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TABLE  2 

Raman  Spectra  of  the  Itydiccarboni 
i'mquencies  Incm"^ 


Isopentane  [11] 

1  Products  of  the  hydro- 
•  genp.tiohi  of  l,l-dl^  .... 

'  methylcycloivopane 

1  *  • 

■  •  Neopentace 

Isopentane 

products  of  the  hydro- 
'genation  of  1.1^11- 
metbylcyclo  propane 

Neopenune 

367(3) 

361(2) 

!  335(10) 

1295(2) 

1295(2) 

464(6) 

460(5) 

414(^ 

1337(3  w) 

1337(3  w) 

764(10) 

764(10) 

733(20) 

1353(3  w) 

1353(3  w) 

1455(15) 

796(8) 

795(8) 

1446(9  w) 

1446(8  w) 

2712(5) 

909(5) 

908(4  w) 

925(15  w) 

2721(2) 

2721(1) 

2745(3) 

954(3) 

951(2) 

2735(1) 

2794(3) 

986(0) 

986(^ 

2854(12) 

2854(8) 

2864(7) 

1014(3  w) 

1011(3) 

2875(31) 

2871(20)  ! 

1  2892(5) 

1035(5) 

1035(4) 

2909(13  h)  2910(10)  j 

2911(10) 

1147(4) 

1146(4}  1 

2935(17  h) 

2935(12)  ; 

2937(3) 

1177(4  s) 

1179(4)  ; 

2965(18) 

;  2961(12) 

2955(3) 

1267(1) 

1265(1)  ! 

1^52(20  w) 

1  i 

EXPERIMENTAL 

2. 2 - Dime  thy  1  pro  pa  nedlo  1-1, 3 

The  diol  waa  prepared  by  the  condensation  of  isobiayraldehyde  with  formaldehyde  in  a  solution  of  akobolic 
alkaU  [13]. 

A  solution  of  35  g  of  KOH  in  150  ml  of  alcohol  was  placed  into  a  flask  equipped  with  a  stiner  and  reflux 
condenser.  A  mixture  of  30  ml  of  alcohoL  36  g  of  isobutyraldehyde,  and  130  ntl  of  289>  formaldehyde  was  added 
to  the  solution  at  40*  with  efficient  sti-ring  over  a  2  hour  period.  The  flask  was  then  heated  for  18  ho'us  at  8C*i 
After  tbe  distillation  of  the  alcohol,  the  residue  in  the  flask  was  extracted  for  5-3  hours  with  ether.  The  ether  was 
removed.  Tbe  diol  was  vacuum  distilled. 

B.p.  201-204* at  760  mm:  m.p.  126*.  Found  C  57.73;  H  11.68.  CsHjPa.  Calculated  1b:  C  57.69:  H  11.63. 
A  total  of  600  g  of  diol  was  prepared.  The  yield  of  the  pure  product  was  50f^  of  theory. 

1. 3- d  ibro  mo -2, 2 -dimethyl  propane. 

0.25  mole  of  the  diol  was  placed  into  a  flask  and  0.25  mole  of  PBr^  was  added  dropwise  to  it  with  cooling 
with  ice  water  [14].  The  temperature  of  the  bath  was  then  slowly  raised  to  100*.  Tbe  water  bath  was  replaced 
by  an  oil  bath,  and  the  mixture  was  kept  for  18  hours  at  150*.  The  contents  the  flask  were  poured  into  cold 
water  after  cooling.  The  bromide  was  extracted  with  ether.  The  ether  solution  was  washed  with  water  and  dried. 
After  tbe  removal  of  the  ether,  the  bromide  was  distilled. 

B.p.  182-183*  at  743  mm  and  14  mm:  d!{  1.6775;  n^  1.5047:  MRp  40.6a  Found  1b:  Ik  68.60. 

Calculated  lb;  Br  69.60;  MR^  41.05. 

Tbe  yield  of  the  bromide  was  401b  of  theory.  A  total  of  420  g  of  the  nibstance  was  prepared. 

Raman  Spectrum 

167  (2),  212  (2).  274  (8),  330  (3).  372  (1).  404  (1).  443  (7),  594  (0.5),  644  (10),  668  (8).  703  (5),  756  (0.5), 

863  (3),  904  (2).  916  (3),  959  (3  w),  1078  (2),  1122  (2).  1209  (0.5),  1265  (5  w),  1429  (4).  1459  (4). 

1, 1-Dimethylcyc  lo  pro  pane 

1  Mole  of  zinc  dust,  9C  ml  of  alcohol,  and  5  ml  of  water  were  placed  into  a  flask  with  a  reflux  condenser 
and  dropping  fuimeL  The  mixture  was  heated  to  boiling,  and  then  0.25  mole  of  l,3-dihronK)-2,2-dimethylpropane 
was  slowly  added.  Water  heated  to  60*  was  circulated  in  tbe  reflux  condenser  because  of  which  the  vapors  of  the 
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hydrocarbon  formed  pa&ed  through  the  condenser  uncondensed,  and  entered  a  well-cooled  coll.  The  hydrocarbon 
was  wadied  with  water,  dried,  arid  distilled  over  metallic  sodium.  Yield  90-95^  of  theory  based  on  the  dibtom»de 


B.p,  21*;  d*  0.6618  (in  a  closed  pycnometer);  n*  1.3663;  MRjj  23.69.  Calculat^:  MBq  23.79. 

(The  increment  for  the  three  membered  . ring  was  taken  to  be  equal  to  0.7) 


Raman  Spectrum 

172  (1).  182  (1),  356  (3  w).  396  (2),  632  (1),  685  (8),  735  (0.5),  786  (1),  836  (6).  930  (10),  1058  (7), 

1125  (2).  1183(1),  1214  (2).  1230  (3),  1290  (1),  1321  (9),  1388  (0.5),  1432  (4),  1459  (4),  2737  (3),  2869  (8) 
2895  (7),  2930  (6),  2956  (5).  2998  (20),  3061  (4  w). 

! 

The  present  spectrum  is  identical  to  that  obtained  by  Cleveland  [1S}«. 

Action  of  Bromine  Upon  1, 1 -Dimethy Ic yc lopropane 

13  g  of  the  hydrocarbon  was  placed  into  a  flask  with  a  reflux  condenser,  and  31.5  g  <rf  bromine  was  slowly 
added  with  cooling  with  ice  water.  The  reaction  proceeded  violently.  The  bromide  was  separated,  dried  over 
calcium  chloride,  and  distilled.  A  dibromide  with  b.p.  64.5*  at  18  mm  (82^)  and  a  tribromide  with  b.p.  110-114* 
at  17  mm  (18^)  were  isolated. 

Properties  of  the  dibromides:  d?  1.6440;  n^  1.5059;  MRjj  41.60.  Found  <>);  Br  69.07.  CsHiab*.  Calculated* 
MRj,  41.05;  7b  Bt  69.60. 

The  Raman  spectrum  is  given  in  Table  1. 

Properties  oi  the  uibromide:  d^  1.8761:  n*  1.5366. 

Removal  of  Bromine  from  the  Dibromlde 

The  bromine  was  removed  in  the  usual  manner  by  the  action  of  zinc  dust  in  alcoholic  medium.  Yield  of 
the  hydrocarbon:  13%. 

B.p.  30.5-331  d?  0.6530;  n^  1.5366. 

Raman  Spectrnm 

265  (1),  348  (1).  396  (2),  439  (2),  526  (3  w),  693  (3  w).  611  (1),  769  (10),  924  (1).  1012  (1  w),  1189  (1), 

1240  (1),  1332  (2),  1389  (3).  1428  (1),  1455  (3),  1594  (1),  1618  (2),  1652  (8),  1680  (6). 

Hydrogenation  of  l,l~Dxmethylcyclopropane 

The  hydrogenation  was  effected  in  a  flowing  system.  The  catalyst  was  nickel  deposited  on  kiese^nhr. 

The  experiment  temperature  was  150*.  The  catalyst  was  Initially  heated  ft*  5  bouB  at  350*  in  a  stream  of  hydrogen. 

The  hydrogen  was  passed  through  a  graduated  vessel  containing  the  hydrocarbon.  Due  to  the  high  Tolaiillty, 
the  hydrocarbon  vapor  was  enuained  by  the  hydrogen,  and  the  mixture  entered  into  the  reaction  tube.  The 
amount  of  hydrocarbon  in  the  gaseous  phase  was  regulated  by  cooling  the  vesseL  The  rate  of  passage  of  the  hydro* 
gen  was  measured  with  a  flow  meter.  The  rate  of  the  introduction  of  the  hydiocarbon  was  measured  by  means 
of  its  removal  (xom  the  vessel.  The  volume  velocity  of  the  hydrogen  was  150  liters  pet  liter  of  catalyzate  per 
hour.  The  products  of  the  hydrogeitation  were  collected  in  a  trap  cooled  by  dry  ice.  The  hydrocarbon  was  dried 
and  distilled.  The  Raman  specuum  is  given  in  Table  2. 

B,p.  27.5-281  d^  0.6185;  n“  1.3537.  (literature  data  for  Isopentane  [16]:  d?  0.6197;  ng  1.3539). 

In  separate  experiments,  hydrogenation  was  conducted  with  an  insufficient  amount  of  hydrogen.  The  re* 
action  producu  boiled  at  25-35*. 

Raman  Spectrum  of  the  HydrogenaLion,  Products 

334  (1).  358  (3  w),  392  (2  w),  444  (1),  462  (1),  528  (3),  630  (1),  665  (1),  685  (8),  767  (8),  800  (2),  838  (7), 

874  (1),  933  (10),  1061  (7).  ii26  (0.5),  1232  (2),  1289  (1),  1322  (7),  1343  (2),  1386  (6),  1452  (7),  1680  (7), 

2738  (0.5),  2865  (7),  2895  (1),  2923  (5),  2934  (5),  2965  (4),  2999  (8),  3064  (2). 

Only  isopentane  was  obtained  as  a  reaction  product  upon  a  repeat  the  hydrogenation. 
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SUMMAkT 


1.  By  ihe  action  of  bromine  upon  l,l-<iimethylcyclopropane,  a  mixture  of  bromides  ccntaining  trl- 
methylethylene  bromide  and  60^  asymm.  methylethylethylene  bromide  was  formed. 

2.  The  removal  of  Iwomine  from  the  mixture  of  bromides  obtained  led  to  the  formation  of  trimediyl'- 
ethylene  and  asymm.  methylethylethylene  in  the  same  ratio. 

3.  Hydrogenation  of  1,1-dimethylcycloptopanc  over  nickel  on  kieselguhr  at  15C*  led  to  the  fotmatioa 
of  isopentane. 

4.  By  hydrogenation  of  1.1-dinttethylcyxlopropane  with  an  insufficiem  aiix>uni  of  hydrogen,  the  hydro¬ 
carbon  mixture,  in  addition  to  unchanged  1.1-dimethylcycloptopane.  contained  trimethylethylene. 
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mechanism  OF  THE  TRANSFORMATION  OF  TERTIARY  CTCLOFROFAKE  ALCOHOLS 

% 

UNDER  THE  EFFECT.  OF.  MINERAL  AND  ORGANIC  ACIDS 
r  REACTION  OF  WMETHYLCYCLOPROPYLCARBINOL  WITH  FOIcMlC  Arm 
T.  A.  Favoiskaya  and  N.  V.  Shchetbinskayn 


The  reactioa  of  formic  acid  with  methylacetyleoylcyclopcopylcarbiiiol  fll  metkjWthTlcyclopropjlcaxbinol, 
and  methylpheaylcyclopiopylcaibinol  (2]  was  studied  in  preriov  imrestigationa.  In  the  first  ryse,  the  fornute  of 
the  ptimary  enyne  alcohol  (I)  and  the  product  of  lu  hydration,  the  ester  cf  the  kexoaicohol  were  (n) 


CI!| 


CnHrCH 
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In  the  second  case,  the  y  *oxide  of  raeAykthyltetramethyleoe,  or  R.S'fsethylethyltetiahydtofaxaQe  (QD  was 
obtained:  in  the  third,  the  formate  of  the  unsatiaated  alcohol  (IV)  and  the  pcodect  of  tbe  d^ydiatioo  of  the  cyclic 
alcohol,  asymm.  phenylcycloptopylethylene  (V).  In  all  of  these  cases  the  coocentiaziaa  of  formic  acid  was  not 
lower  than  80^,  and  the  reaction  was  conducted  with  heating.  Because  of  tbe  sufliciesttly  forcing  reaction  conr 
dition,  no  intermediate  producu  were  isolated  in  all  three  cases,  and  for  this  reason,  an  of  tbe  soggestions  on  tbe 
mechanism  of  the  reactions  were  not  fiiuL 


Milder  conditions  were  used  during  the  study  of  the  reaction  of  dinnetbylcyclopro^lcarbinol  with  foonic 
acid:  50^  instead  of  BOfo  formic  acid  was  used:  as  a  result  a  c«nplex  mixnse  of  peodnex'  was  obtained  fiom 
which  five  compounds  were  isolated  whose  structures  were  acenrately  determined,  which  made  It  possible  to 
establish  the  general  mechanism  of  the  reaction  of  the  alcohols  studied  with  Sotmic  ncML . 


The  first  product  of  this  reaction  was  the  unsaturated  primary  alcohol.  2'inetbylpeareae*2'Ol*6  (VII).  fbimed 
as  a  result  of  the  intermolecular  allylic  reanangement  of  the  tertiary  cyclic  akrobnl  (VD  accompanied  by  tbe 
moving  of  the  hydroxyl  to  the  0 -position.and  the  opening  of  the  three  membered  xiag 
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A  similar  type  of  allylic  rearrangement  was  first  discovered  by  A.  £.  Favossky  and  L  A.  Dyakooov  pl 
during  a  study  of  the  action  of  phosphorous  pentachlotide  apoo  acetyltrinocthyleae:  tbe  initially  formed  cyclic 
dichloride  isomerixes  Irxo  an  ethylene  derivative  by  means  of  the  movemeat  of  one  of  tbe  chlotioe  atocos  into 
the  0 -position. and  the  opealitg  of  the  ilrtg. 
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The  unsaturaied  alcohol  obiained  gave  a  small  amount  of  a  foimate  conesponding  to  it  (VIU)  undet  the  coa- 
duions  of  the  reaction;  in  addition,  part  of  the  alcohol  was  transformed  into  2,2-dimethyltetiahydrofuian  (IX). 

When  formates  (0  and  (IV)  were  first  obtained,  their  formation  was  explained  in  the  same  manner  as  the  fotmation 
of  the  primary  unsaturated  chlorides  by  the  action  of  hydrochloric  acid  upon  dimethyl-  and  methylacetyleoy  1  - 
cyclopropylcarblncl,  Le.,  it  was  assumed  that  first  the  substitution  of  a  hydroxyl  group  of  the  cyclopropyl  alco¬ 
hol  by  a  formate  residue  occurred,  or  by  an  atom  of  the  halogen,  then  the  movement  of  these  fiuKtional  groups 
into  the  6 -position. and  the  opening  of  the  ring. 

However,  the  dlsccvery  of  the  unsaturated  primary  alcohol  in  the  reaction  products,  required  the  abandon¬ 
ment  of  such  an  itaerpretation  o!  the  reaction  mechanism  because,  first,  primary  a’cohols  esterify  more  readily 
than  tertiary,  and  second,  the  formate  residue  does  not  rearrange  as  easily  as  a  chlorine  atom;  upon  boiling, 
the  forn,ate  of  the  unsr.turatcd  alcohol  obtair.ed,  tlie  hydrolysis  product  was  an  unsaturated  alcohol  and  not  di- 
cycloprcpylcarbinol.  the  shi^t  of  the  formate  residue  to  the  y^iiosition  and  the  formation  of  the  starting  cyclic 
alcohol  did  not  occur,  whereas  unsaturated  primary  chlorides  give  the  starting  cyclic  alcohols  upon  hydrolysis. 

In  addition,  upon  beating  alcohol  (V:l)  with  formic  acid,  pan  of  it  was  actually  convened  into  the  ester  cor¬ 
responding  to  it. 

The  determination  of  the  mechanism  of  fotmation  of  formate  during  the  reaction  of  tertiary  cyclic  alcohol 
with  formic  acid  made  possible  the  cotiect  explanation  of  the  mechanism  of  Rupe’s  (4)  reaction  of  dimethylace- 
tylenylcatbinol  with  ^ormic  acid  which  resulted  in  the  formation  of  dimethylacrolein.  Rupe  explained 
this  reaction  by  the  consecutive  hydration  and  dehydration  of  the  acetylenic  alcohol. 

When  the  acetyletie-ullene-Oienic  rearrange metrt  of  chlorides  formed  by  the  action  of  hydrochloric  acid 
upon  dimethy lac etylenylccaibinol  was  first  studied  [5],  it  was  suggested  that  the  formation  of  dimethylacrolein 
during  Rupe  reactions  occurred  as  a  result  of  a  similar  rearrangement. 

Now  it  is  considered  that  this  reaction  can  be  explained  nwre  simply:  under  the  influence  of  formic  acid, 
a  shift  of  the  hydroxyl  group  of  the  acetylenic  alcohol  to  the  B -position  occurs, with  the  formation  of  an  allenic 
hydroxyl  derivative,  which  then  isomerizes  into  dimeihvlacrolein. 

One  of  the  main  producis  of  the  reaction  of  dimethylcyclopropylcarbinol  with  formic  acid  was  2,2-dimethyl- 
tetrahydrofuran,  which  was  obtained  by  N.  D.  Zelinsky  [61  by  the  action  of  oxalic  acid  upon  dlmethylcyclopropyl- 
carbinoL  He  explained  its  formation  by  means  of  an  intermediate  product,  a  saturated  y -glycol  (X). 

It  was  shown  by  the  authois  that  the  source  of  the  formation  of  y -oxide  was  the  unsaturated  primary  alcohol 
(VII).  This  alcohol  vacuum  distills  without  decomposition;  upon  distillation  at  ordinary  pressure  and  in  the  presence 
of  even  minute  amounts  of  acids,  it  isomerizes  iiuo  the  tetrahydrofutan  derivative  (IX). 

The  question  of  the  cyclization  of  various  compounds  into  tetrahydtofuran  derivatives  was  the  subject  of 
n:>any  itiveaigatlons.  In  more  recent  investigations,  the  conversion  of  y-and  5-glycols  into  derivatives  of  tetra¬ 
hydrofutan  and  pytan  [7*141  by  heating  with  sulfuric  acid  of  various  concentration  was  studied.  The  flra  investi¬ 
gators  studying  the  fotmation  of  derivatives  of  tetrahydrofutan  and  pytan  by  the  cyclization  of  the  corresponding 
unsaturated  alcohols  in  acidic  media,  considered  that  they  occurred  by  means  of  an  intermediately-formed  glycol 
orhalohydrin.  Such  a  view  was  held  by  N.  D.  Zelinsky  [61  as  an  explanation  of  the  fotmation  of  dimeihyltetta- 
hydrofutan  from  dimethylcyclopropylcarbinol  by  the  action  of  oxalic  acid.  Paul  [15.  161  who  obtained  2-racihyl- 
tetrahydrofuran  by  the  distillation  of  the  y-eihylenic  alcohol,  penten-4-ol  in  the  presence  of  a  small  amount  of 
coiKentrated  sulfuric  acid,  suggested  that  the  mechanism  of  this  transformation  consisted  of  the  direct  addition 
of  the  hydroxyl  to  the  double  bond,  but  later  considered  that  the  reaction  proceeded  cationotropically. 

However,  be  believed  that  such  a  mechanism  is  possible  only  in  the  case  of  alcohols  comaining  an  errd 
methylene  group,  htthe  test  of  the  cases,  he  considered  that  the  reaction  occurred  according  to  Rupe's  mecha¬ 
nism  [14].  Colonge  holds  an  analogous  view  on  the  mechanism  of  this  reaction  [17). 

The  authors  believe  that  this  interpretation  of  the  mechanism  of  this  reaction  is  incorrect.  It  was  shown 
that  2-methylpcnten-2-ol-5  converts  into  2.2-dimethyltetrahydrofuran  by  distillation  vrtth  uaces  of  acids;  the 
reaction,  therefore,  takes  place  in  the  complete  absence  of  water,  and  for  this  reason  it  is  rather  impossible  to 
accept  a  mechanism  for  the  formation  of  dimethyltetrahydrofuran  by  mearu  of  an  intermediate  fotmation  of  a 
glycol.  On  this  basis,  u  is  considered  that  in  ail  of  the  various  cases,  the  fexmation  of  cyclic  derivatives  from 
alcohols  occurs  duealy,  and  not  by  means  of  a  complex  course  of  hydration  and  dehydration. 

L  N.  Nazarov  [18)  believes  that  the  cyclization  reaction  proceeds  by  mearu  of  the  formation  of  carbon ium 
and  oxonium  ions. 
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ft  is  possible  that  Li  all  of  the  above  cases  the  traction  proceeds  during  cjcliiaucn  by  means  of  sirh  a 
mechanism,  or  by  means  of  the  shining  of  the  hydrogen  fiom  the  hydroxyl  poup  to  tbe  S*i)o$itio». 

2-Methylpentene-2-ol-5  was  able  to  hydrate  and  give  the  glycol  (X)  under  toe  coadliions  of  heatii^  with 
formic  acid,  whose  formation  yas  suggested  by  N.  D.  2.eUnsky,and  which  was  actsallj  fcuid  by  the  authors 
among  the  reaction  prod ucu. 

The  hydration  of  the  double  bond  of  the  unsaturated  alcohol  seems  mom  proba^:k  since  the  reaction  con¬ 
ditions  were  sufficiently  mild,  and  not  one  case  of  the  addition  of  any  reacuot  to  position  of  the  rupture  of 
the  three -me  mbered  ring  has  been  found.  Even  under  mote  forcing  conditions,  donog  beating  of  methylpbenyl- 
cyclopropylcarbinol  with  SOJb  formic  acid,  the  hydrocarbon  phenylcyclopropylerhy Lease  (V)  was  found  among  tbe  re¬ 
action  products,  in  which  the  Uimethylene  ring  was  stable  under  tbe  conditions  oe  oe  reaction  and  did  not  hy¬ 
drate:  it  is  opened  under  these  conditions  only  by  an  isomeric  uansformation  as  a  resdt  of  an  unusual 
allylic  teanangement.  Glycol  (X)  and  the  primary  monoestei  corresponding  to  it  wex  isolated,  the  prodneu 
of  the  reaction  of  dimethylcyclopropylcatbinol  with  small  amounu  of  formic  acidL 

In  order  to  determine  the  properties  of  this  glycol,  it  was  symhesked  from  aoesopropyl  alcohol  and  ethyl 
magnesium  bromide.  Its  constants  coricsponded  sufficiently  well  with  those  of  the  glycol  Isolated  from  tbe  reac¬ 
tion  products  and  with  the  literature  data  [8].  ft  was  found  that  if  this  glycol  was  beared  with  50^  formic  acid 
to  60-70*.  it  was  convened  into  the  monoestei:  If  it  was  heated  with  this  acid  to  bcrLmg  then,  in  addition  to  the 
enei,  derivatives  of  tetrahydrofuran  were  also  formed.  The  glycol  isolated  was  a  primary  teniary  y-glycoU  In 
view  of  the  tact  that  tertiary  alcotiols  esterify  lesi  readily,  it  could  be  thought  tear  cbe  monoestei  formed  during 
the  reaction  vrith  formic  acid  was  primary,  which  indeed  was  pioved  by  the  fact  that  ibis  ester  gave  a  positive 
reaction  for  the  teniaty  hydroxyl  [191  The  glycol  was  formed  by  the  hydrolysis  of  tbls  ester.  The  ester  vacuum 
distiU  without  decomposition;  upon  distillation  at  oidlnary  pressures,  it  eliminates  fisEtnic  acid. 

The  structure  of  the  i^imaty  unsaturated  alcohol  (VIO  was  not  determine^  as  ins  constants  coincided  with 
iiae  given  by  Van  Aeide  [20].  The  structure  of  its  esicr  was  proved  by  hydrolysis  iz  alicaline  medium,  which  re¬ 
sulted  in  the  isolation  of  alcohol  (VII}:  in  addition,  since  the  isomeric  tiansformaruos  were  possible  under  these 
conditions  of  hydrolysis,  the  alcohol  >n$  also  obtained  by  tbe  action  of  an  otgano  magnesium  compound  upon 
the  ester.  Acetone  was  obtained  upon  oxUation  of  the  eaei:  acrylic  acid  was  obeximsd  in  a  mixtute  with  large 
amounts  of  formic  acid,fiom  which  It  could  not  be  piiiified.  The  structure  of  2.2-dimcxhylteuahydrofutan  was 
proved  by  Its  oxidation  with  KMn04  solution,  the  oxidation  proceeded  slowly  hx,  ar«eitneless,  went  to  completion 
at  room  temperature.  The  only  product  of  the  oxidation  was  the  lactone  of  y  -hytfco;i5xaproic  acid,  which  was 
then  converted  to  the  silver  salt. 

ParaUel  with  the  reaction  of  dlmeihylcyclopropylcarbinol  wUh  formic  acid,  reaction  of  formic  acid  with 
anothei  .ertiaiy  alcohol  rumely,  dlmethylaJlylcaiblnol  was  studied.  As  tbe  authors  along  wiih  Sh.  A. 

Fridman  [21],showed^methylethylallylcaibinol  Isomcrlzed,  by  the  action  of  HjW4iauOtbe  primary  akohol.  3-methyl‘ 
hexene-3-ol^.  If  anaoiogous  translorination  had  occuned  in  this  case,  then  2-fnetiy5peiaene -2^1-5  should  nave 
been  obtained,  which  then  would  have  given  2,2-dimcthylteirahydrofuran. 

However,  this  Isomerization  did  not  occur  in  experiments  conducted  under  vacsons  conditions,  tf  the  reaction 
was  conducted  heating  with  acid  diluted  1: 1.  or  wfth  concentrated  acid  at  CT  then  diniethylallylcarbinol  was 
recovered  unchanged;  only  small  amounts  of  dehydration  products  were  formed.  Co  beating  dimethylallylcarbinol 
with  concentrated  KCOOH,  the  dehydration  pioceedcd  more  completely,  and  coafecsaiion  products  were  formed. 

A  substance  was  isolated  from  the  mixture  of  products,  which  must  be  accepted  as  ibe  trimet  of  the  hydrocarbon 
CfHi^on  the  basis  of  analytical  results.  The  product  obtained  did  not  decolorize  a  KMn04 solution,  and  did  not 
add  bromine  from  a  chloroform  solution.  Apparently,  a  product  of  cyclic  structure  was  formed  as  a  result  of  poly¬ 
merization.  which  did  not  contain  double  bonds,  or  a  side  chain.  Tbe  suixtrec  tf  ihe  hydrocarbon  was  not  in¬ 
vestigated  more  fnlly. 

experimental 

Synthesis  of  Dlmethylc  yc  lopropylc  ar btnol. 

The  starting  acetyltrimethylene  was  obtained  from  acetopropyl  alcohoL  Ac«cptopyl  alcohol  was  converted 
Into  the  bromide  by  distillation  with  a  two-fold  quaniuy  of  hydiohromic  acid  wiix  b.p.  Il8-i24*.  The  alcohol  was 
added  through  a  dropping  funnel  to  the  boiling  acid  in  small  poitionsxoncspoal:^  to  the  distUlauon  of  the  bro¬ 
mide.  The  bromide  distilled  was  separated  from  the  water  and  used  directly  ii:  tbe  reaction.  The  yield  of  tbe 
crude  prodiKt  was  76-6C^.  Powdered  alkali,  (KOrl  or  NaOH).  in  a  quantity  slightly  greater  than  the  theoretical. 
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was  added  wilt  efficiem  shaking  and  girtng  to  the  hiomide  which  had  been  placed  into  a  round-bottom  flask  and 
left  to  aand  oveml^t.  On  the  foUowtag  day.  the  contents  of  the  flask  were  dissolved  in  water,  and  the  acetyl- 
tiimeihylene  aeam  distilled,  salted  cat  -Hh  potassium  carbonate,  dried,  and  distilled.  B.p.  109-112*.  Yield, 
based  on  the  erode  bromide. 

Dimethylcyclopropylcarblnol  was  obtained  from  methyl  magnesium  bromide  and  acetyltrlmcthylene.  The 
product  obuined.  with  b.p.  118 -125*  (68-7:^).  very  rapidly  decolorized  a  KMnO^  solution.  For  this  reason,  it  was 
oxidized  with  KMnO^  to  remove  the  oosa^araied  impurities.  The  yield  of  the  pure  prodnet  was  54^9^. 

8.P.  1«0-123*;  d?  0.888;  d|  0.9093;  ■*  1.4323;  MRj,  29.21.  C^>p.  CalcuUted:  MRjj  29.79. 

The  coQstana  obtained  conesponded  to  the  iteiature  data  [5], 

Reaction  of  Dlmethylcyclopxopylcatblnol  with  Bolling  Formic  Acid. 

150  g  of  dimetbylcyclopiopylcaibbKil  was  heated  to  boUing  for  1.5  bouts  with  300  ml  of  formic  acid  (dilute 
1:  \  pH  0.44,  or  Deuualizarjaa  of  the  unieacted  acid  with  dry  sodium  carbonate,  the  reaction  products 

were  extracted  with  et'oer. 

After  dryli«  and  removal  of  the  solvent,  the  residue  was  distilled  at  ordinary  pressure  and  then  in  vacuum. 

The  following  hactions  were  isolated  after  several  redlstillatlons:  1)  90-92*-28.8  g  (19.2^).  2)  108-112*— 6.2 
g(5^).  3)  119-125*-4.0g(5^).  4)  152-155*-35.5  g.5)  97.5-98.5*  at  7  mm -18.9  g  (8.6^).  6)  117-118*at 
13  nun  -5.5  g  (35t), 

In  addition,  intermediate  bactio^  were  obtained.  Fraction  3,  119-125*  was  the  starting  dimethylcyclo- 
propykarbiix)!. 

Investigation  of  the  fraction  with  b.9.  90-92*;  d^  0.8477;  n*  1.4901;  MR^  29.18  Calculated 

MRj)  29.35. 

0.1207  g  substance:  0.3005  g  CO,:  0.1141  g  Hfi.  Found  C  71.82;  H  11.82.  C,HiP.  Calculated  1^: 

C  72.9;  H  12.0. 

The  substance  slowly  decolorized  a  JQdnO^  solution  and  did  not  give  reactions  for  hydroxyl  or  carbonyl 
groupa  which  meant  that  it  must  be  2.2-dizseihyltetiahydiofivan. 

Oxidation.  5  g  of  the  substance  was  oxidized  for  2  days.  The  M40,  residue  was  filleted  and  washed  with 
hot  water,  the  filtrate  was  evaporated  to  a  small  volume,  and  acidified  with  sulfuric  acid,  whereupon  oil  droplet: 
floated  on  the  surface.  The  oxidatlou  peodets  were  extracted  wUh  ether.  After  drying  with  NajSO^and  removal 
of  the  solvent,  a  substance  with  b.p.  203-2C4*  the  lactone  of  y4iydroxylsocaprolc  acid,  was  obtairred. 

F<u  the  determination  of  the  netfraVzaiion  equivalent,  the  lactone  was  boiled  with  alliali.  and  the  excess  of 
the  latter  was  titrated  with  hydrochloric  acid. 

0.1788  g  substance:  42  ml  kkOH  a  0.7456);  14.4  ml  HCI  (T  1.083).  Found;  E  113.7.  C^iP»  Calc’d:  E  114.0. 

For  the  preparation  of  the  silver  nl:  cf  y-hydaxyisaa^ic  acid,  the  lactorse  was  dissolved 'in  amnwnia  with 
beating  on  the  water  bath.  The  excess  arr— «on<a  'was  removed  by  evaporation.  A  concentrated  solution  of  AgNO, 
was  added  to  die  solution  of  the  ammonism  salt  obtained.  The  precipitated  silver  salt  was  filtered,  washed  with 
water,  and  dried  in  a  desiccator. 

0.1133  gsubsunce:  0.0511  g  Ag.  Farad  1b;  Ag  45.10.  C^H^p^Ag.  Calculated  H»:  Ag  45.19 

Inveglgatlca  of  the  fcaction  with  b.p.  108-112*.  The  substance  gave  a  voluminous  precipitate  with  2,4^- 
nlttophenyDiydrazine;  the  2.4HilmiropheitT:siy«bazcne  melted  at  145-146*i  a  mixed  melting  point  with  authentic 
acetyltrimethylene  gave  no  depression.  Tfae  dimethylcyclopropylcarblnol,  used  for  the  reaction  with  formk  acid, 
was  Initially  tested  for  acetyltrl methylene  by  meam  of  2,4-<linitrophcnyIhydrazlne,  ynH  gave  no  precipitate  with 
it  In  order  to  conclusively  determine  wbetber  or  nor  acetyhiimethylene  was  present  in  the  dimethylcyclopropyl- 
carb^L  ultraviolet  absorption  spectra  of  bca  of  these  substances  were  made.  For  acetyltrimethylene,  the  chatac- 
i«  of  the  absorpflon  curve  couiclded  with  thai  reported  in  the  literature.  A  maximum  at  270  ra^  was  found  in  the 

rplon  sj^tnim  of  the  alcohol, which  indicated  the  presence  of  a  carbonyl  group  in  the  compound.  Therefore, 
acety  i  m  ylene  was  presca  in  the  aanixs  dimethylcyclopropylcarblnol.  It  could  be  isolated  by  distlllaUon, 
when  conceimatioa  of  ibe  alcohol  decreased  as  a  resuU  of  the  reaction  with  formic  acid.  Therefore,  acctyl- 

c  T  r  ^  dlmethylcyclopropyl- 


]nvgSigaiigD.?iJhe  ylth  b,p.  152-155*,  As  sl^wn  by  ihe  mvestlgstion.  ihU  fcactlon  was  net  an 

Individual  subsunce  but  a  mixture  of  two  producu  with  close  boiling  points:  the  primary  alcohol,  2-tnethyl- 
penicne-2'Ol-6  and  tu  formate.  The  constants  of  the  fxactiott  with  b.p.  152-155*.  isolated  In  several  expetl* 
meats,  differed  from  each  other,  and  apparently  depended  on  the  ratio  of  the  componenu  ptesent. 

d*  0.9028,  0.9105,  0.903Si  n^  1.4364,  1.4340,  1.4340.  On conyerion to  Found:  MILj  37.09,  36.60, 

36.6^5.  On  coiwersbn  to  C,HiP.  Found:  MRjj  28.97,  28.61.  28.63.  Calculated:  MRjj  35.91, 

Calculated:  31.09. 

A  determination  of  the  numbei  of  hydroxyl  groups  gave  results  which  Indicated  the  presence  of  30-3Slfe  of 
the  alcohol  in  the  mixture.  In  order  to  show  the  presence  of  the  ester  In  the  mixture,  the  fraction  152*155*  was 
stbjected  to  hydrolysis. 

20  g  of  the  substance  was  heated  with  stirring  with  a  two-fold  quaialty  of  10^  solution  for  8*10  hours. 
After  extraction  with  ether,  drying,  removal  of  the  solvent,  and  distillation,  a  fraction  with  b.p.  156*157*  was 
obtained  in  a  yield  of  about  SCfft.  hs  constants:  d*  0.8556;  n?  1.4464;  MRp  31.20.  Calculated: 

31.09.  Literature  dau  for  2-raeihylpentene-2-ol-6:  b.p.  1571  d^  0.8577.  0.8549;  nj  1.4456,  1.4454. 

0.0913  g  subsunce:  0.2408  g  CO,;  0.0972  g  Hf>.  0.1387  g  substance:  33.0  ml  CH4(13.5*.  761  mm). 

Found  %  C  71, 93,  H  11.91.  OH  number  0.997.  C,H,p  P  CalcuUted  •%:  C  72.0;  H  12.0.  OH  number  1. 

Therefore,  only  one  product  known  in  the  liteiatuie,  2-niethylpentene*2-ol-5.  was  obtained  as  a  result  of  the 
hydrolysis  of  the  fraction  with  b.p.  152*1551 

The  aqueous  solution  remaining  after  the  extraction  of  the  alcohol  was  acidified  with  sulfuric  acid.  The 
volatile  acids  were  steam  distilled.  A  qualitative  te>t  with  a  mercuric  chloride  solution  showed  the  presence  of 
formic  acid.  The  distilled*solurion  of  the  volatile  acids  was  titrated  with  NaOH;  the  amount  of  acid  titrated  showed 
that  the  fraction  with  b.p.  152-155*  contained  about  63%  of  the  formate. 

Investigation  of  the  fraction  with  b.p.  97.5-98.5*  at  7  mm.  Upon  attempting  to  distill  the  product  at  ordi¬ 
nary  pressure,  the  formation  of  a  ncfkwibxe  amount  ol  !o;mk:  acid  was  noticed,  whose  presence  was  established 
by  a  qualitative  reaction  with  mexurfr  chloride.  The  analytical  results  obtained  showed  that  the  fraction  with 
b.p.  97.5*98.5*  At  7  mm  had  the  formula  C  and  was  the  monoester  of  et,oc*dimethyltstrametbylene  glycol 
and  formic  acid. 

dj  1.0123;  d^  1.0256:  ng  1.4395;  37.97.  Calculated;  MRq  37.71. 

0.1263  g  substance:  0.2^2  g  CO,;  0.1083  g  rijO.  0.865  g  subsunce;  14.4  ml  CH4(16.5*,  757  mm).  0.1083 

g  substance:  15.09  g  benzene:  ^  0.25*.  Found  C  57.34;  H  9.67;  OH  number  1.001;  M  141. 

Calculated  C  57.51;  H  9.65.  OH  number  1.  M  142. 

5  g  of  the  fraction  with  b.p.  97.5-98.5*  at  7  mm  was  hydrolyzed  by  heatLng  and  stining  with  a  two-fold  quan¬ 
tity  of  10^  potassium  carbonate  solution  for  1  day.  After  extraction  vrith  ether,  dryi:,g,  and  removal  of  the  solvent, 
the  residue  was  vaemun  distilled.  One  product  wiih  b.p.  112-113* at  12  mm  was  obtained. 

d J  0.9789;  nj  1.4560;  MR^  32.30.  Calculated:  MRq  32.65. 

0.0939  g  substance:  38  5  nU  CH^  (16*.  767.8  mm).  OH  number  1.99.  C«H,p»  Calculated:  OH  number  2.. 

The  constants  of  the  substance  obtained  coincided  with  those  of  dimethyltetramethylene  glycol  synthesized 
by  the  authors. 

The  aqueous  layer  after  the  extraction  of  the  glycol  was  acidified  with  sulfuric  acid,  and  the  volatile  acids 
were  steam  distilled.  Formic  acid  was  detected  in  the  distillate.  In  order  to  establish  the  position  of  the  hydroxyl 
group  in  the  ester,  the  qiulitatlve  Denlg&s  [19J  reaction  was  uled,  and  a  voluminous  yellow  precipiute  with  mer¬ 
curic  oxide  and  sulfuric  acidcharacterlstic  for  tertiary  alcoholic  groups,  was  obuined. 

investigation  of  the  fraction  with  b.p.  117-118*  at  13  mm. 

dj  0.9786;  n^  1.4557;  MRq  32.76.  Calculated:  MRp  32.96. 

0.0893  g  sti>sUDce:  0.2006  g  CO,;  0.0920  g  Hfi.  0.0936  g  substance;  36.9  ml  CHs  (13.5*.  752  mm).  Tound 

%.  C  61.32:  H  11.52;  OH  numbei  1.93.  Calculated  C  61.01;  H  11.86;  OH  number  2. 

The  substaite  obtained  cenesponds  to  a.a-dimetbyUcuair ethylene  glyrol  [8). 

Reaction  of  a,a-Dimeihyltetramethyleneglycol  with  Formic  Acid. 

The  glycol  was  prepared  from  methyl  magnesium  bromide  and  acetopropyl  alcohol  with  a  yield  of  aboia 
4(?^.  dj  0.9817;  dj  0.9858;  n^  1.4560.  MRjj  32.67. 
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Experiment  l  10  g  of  the  glycol  and  13  ml  of  formic  acid,  diluted  1;  1.  were  heating  to  boUlng  foi  1  ho®, 
tbep  the  acid  was  oeuttallted  with  dry  sodium  carbonate,  and  the  reaction  products  were  extracted  with  ether. 

After  drying  and  remoya'  of  the  ether,  the  residue  was  distille4  resulting  in  the  isolation  of:  2.4  g  (28^)  of  a  sub¬ 
stance  with  b.p.  90-93*  (2.2-dlmethyltetrahydrofaran)j  2  g  of  a  fraction  with  b.p.  103-lOe*  at  13  mm  (16^)  cor¬ 
responding  to  the  slightly  impure  monoestet  of  die  glycol,  and  2.1  g  of  a  fraction  with  b.p.  106-120  at  13  mm, 
a  mixtwe  of  the  ester  and  the  starting  glycoL 

Experiment  IL  The  jlycol  and  the  acid  were  beared  on  Ae  water  bath  to  60-70*  for  3  bouD.  The  pure  mono- 
ester  oTthcglyMrirtth  b.p.  97 -98' at  7  mm.  11.1  g  (30^),  a  mixture  of  the  glycol  and  ester  with  b.p.  98 -112*  at 
7  mm,  8.5  g,  and  the  starting  glycol  with  b.p.  112  -114* at  7  mm,  4.0  g  (12^)  were  obtained. 

Therefcte,  at  60-70*  the  forrrution  of  die  oxide  from  die  glycol  does  not  occur;  only  the  esterification  of 
the  glycol  occurs. 

Reaction  of  2-Methylpe ntene-2-ol-5  and  Its  Ester  with  Formic  Acid. 

20.1  g  of  the  mixture  of  the  alcohol  and  ester  was  heated  to  boiling  for  2.5  hours  with  22  ml  of  HCOOH, 
diluted  1:1  (pH  0.44).  After  neutralization  of  the  acid  with  dry  sodium  carbonate,  the  reaction  products  were  ex¬ 
tracted  with  ether.  After  drying,  removal  of  the  solvent,  and  distillation,  the  following  fractions  were  obtained: 

1)  90-03*- 9,65  g  (47.95t),  2)  93-152*- 0.5g,3)  152-153* - 0.5  g  (starting  product). 

The  constants  of  the  substance  with  b.p.  90-03*  coincided  with  those  obtained  for  2.2*dimethyltetrahydto- 

fixan. 

Reaction  of  Dimethylcyclopropy Icarbinol  with  Formic  Acid  at  60-70*. 

37  g  of  the  alcohol  was  heated  with  80  ml  of  formic  acid  (pH  0.44)  for  1.5  hougs  at  60-70.*.  After  usual  pro¬ 
cessing  of  the  reaction  products  and  distillation,  at  first  in  vacuum  and  then  at  ordinary  pressure,  a  mixtiae  of  the 
unsaturated  alcohol  and  iu  foimate  with  b.p.  152-155*  20.1  g  (54^)  was  isolated  as  the  main  product.  In  addition. 

small  amounts  of  acetyltrimethylene  (0.8  g)  and  the  starting  alcohol  (0.5  g)  were  also  isolated.  No  tetrahydrofuran 
derivatives  were  formed  at  these  reaction  temperatures. 

Reaction  of  Dimethylallylcarbinol  with  Formic  Acid. 

Dlmethylallylcarblnol  was  obtained  according  to  R.  Ya  Levina's  method  [22]  from  allyl  chlorida,  magnesium, 
and  acetone.  54  g  of  the  alcohol  with  b.p.  116-118*  (yield  549))  was  obulned. 

Experiment  L  12  g  of  the  alcohol  was  boiled  for  1.5  houn  with  HCOOH  (1:1)  (pH  0.44).  As  a  lesult.  5lflfc 
of  the  alcohol  (6.1  g)  was  recovered;  in  addition  1.9  g  of  a  fraction  with  b.p.  48-115*  was  obtafredfrom  which  a 
fraction  with  b.p.  70-82*  was  isolated,  corresponding  to  a  mixture  of  hydrocarbons  obtained  by  the  dehydration  of 
dimethylallylcarbinol  [21]. 

Experiment  H.  40  g  of  dimethylallylcarbinol  was  stlned  for  6  hours  with  concentrated  HCOOH  at  0*.  As  a 
resuh,  unchanged  dimethylallylca*inol  was  recovered  and  about  1  g  of  hydrocarbons  with  b.p.  70-82*  was  Isolated. 

Experiment  in.  44  g  of  the  alcohol  was  boiled  for  1.5  hours  with  concentrated  HCOOH.  The  acid  was  neu¬ 
tralized  with  dry  s'odium  carbonate.  After  extraction  vrtth  ether,  and  dLtillation  in  vacuum,  •  substance  with  b.p. 
142-143*  at  12  mm,  87.3  g  quantity,  was  obtained  as  the  main  prodtxit.  The  product  did  not  decolorize  a  KMn04 
solution,  and  the  separation  of  HBr  occurred  upon  the  action  of  a  bromine  solution  la  chlocoform.  The  results  of 
elementary  analysis  snowed  that  the  substance  was  a  hydrocarbon  whose  molecuiar  weight  corresponded  to  a  Ulmer. 

dj  0.8689;  ng  1.4905;  MR^  81.92.  CaH„%  CalcuUted:  UBjy  81.01 

0.1071  g  substance:  0.3421  g  CO^;  0.1198  g  H^.  0.1515  g  substance:  12.05  g  benzene:  ^  0.2S* 

Found  9>;  C  87.11;  H  12.51;  M  248.0.  Cj^Hj^  Calculated  lb;  C  87.80;  H  12.20;  M  246. 


SUMMARY 

1.  The  reaction  of  dimetbylcyclopropylcarbinol  with  formic  acid  was  studied 

2.  A  mechanism  for  this  reaction  is  given. 

3.  It  was  shown  that,  initially,  the  isomerization  of  dlmethylcyclopropylcarblnol  <"*«  the  unsaturated  pri¬ 
mary  alcohol.  2-methylpcntene-2-ol-5,  occurred  by  means  of  the  shift  of  the  hydroxyl  to  the  'B-positfon  xdI  the 
opening  of  the  three -roembered  ring. 

^  shown  that  the  unsaturated  alcohol  partly  formed  the  formate,  and  was  partly  isoroerized  to  2,2- 
d  imethyltetrabydrof  uran. 
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5.  !n  addition  to  the  above  products.  2. 2 -dunetbylteua methylene  glycol  and  the  half  eaei  of  the  glycol  and 
^crmlc  acid  were  also  isolated  from  the  leactioc  producu. 

6.  2-MethylpenteDe-2-ol-6  was  obtained  upon  hydrolysis  of  the  ester  of  the  unsaturated  alcohol.  The  cyclic 
alcohol  did  not  form. 
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TRANSFORMATIONS  OF. ACETYLENIC  ALCOHOLS 
CONTAINING  POLYMETHY LENE  RINGS 

II.  1-PHENYLACETYLENYLCYCLOHEXANOL-l 
E.  D.  Venus-Danilova.  M.  V.  Goielik.  and  T.  A.  Nikolaeva 


Recently  one  of  the  authors  together  with  M.  V.  Gorelik  [1]  showed  that  l-phenylacetylenylcyclopentanol'l 
was  transformed  into  the  isomeric  ethylenic  ketone,  cyclopcntylideneacetophenone,  in  the  presence  of  meteoric 
sulfate  in  acidic  medium. 

In  order  to  determine  to  what  extent  an  analogous  reaction  would  occur  for  ether  tertiary  polyroethylene 
alcohols  with  acetylenic  radicals,  the  behavior  ol  l-f>henylacetylenylcyclohexaQoI-l  in  an  acidic  solution  of  mer¬ 
curic  sulfate  under  the  above  conditions  was  studied. 


l-Phenylacetylenylcyclohexanol-l  was  first  synthesized  by  Zh.  L  lotsich  [2],  and  then  later  by  foreign  chem¬ 
ists  [3]  who  dehydrated  this  alcohol  with  potassium  blsulfate  to  prepare  l-pheoylacetylenylcyclohexene-L. 

On  heating  1-i^enylacetylenylcyclohexanol-l  at  60-65*  with  mercuric  sulfate  in  the  presence  of  dilute  sul¬ 
furic  acid  (conditions  completely  analogous  to  those  reported  in  Communication  I  [ll>.  only  the  unsaturated  ke¬ 
tone,  cyclohexylideneacetophenone  (01)  was  obuined.  Neither  a-  or  6-ketoalcobols,  nor  unsaturated  aetones 
with  a  double  bend  in  the  polymethylene  ring  [4,  5]  weie  detected  In  this  case. 

The  mechanism  ol  the  transformation  of  1-phenylacetylenyloyclopentanol-l  into  eye  lope  ntylideneaceto- 
phenone  [1]  remained  open.  The  unsaturated  ketone  could  have  formed  by  the  isomerization  of  the  acetylenyl 
alcohol  with  a  shift  of  the  nydroxyl  group  into  the  6-posltion,  or  at  a  result  of  the  elimination  of  water  from  the 
product  of  the  hydration  of  the  acetylenic  alcohol,  the  0-ketoL 

In  order  to  solve  this  problem,  the  action  of  a  mote  dilute  mercuric  sulfate,  as  well  at  various  concentra¬ 
tions  of  sulfuric  acid  itself  upon  l-phenylacetyleuylcyclohexanol-l  were  studied.  It  was  found  that  a  mixttve  of 
the  unsaturated  ketone  and  a  hydroxyl-containing  product  was  obtained  under  milder  hydration  conditions.  This 
mixture  was  completely  converted  into  cyclohexylldeneacetophenoiie  by  treatment  with  sulfuric  acid.  In  addition. 
It  was  shown  that  the  acetylenyl  alcohol  was  no:  converted  into  the  ethylenic  ketone  by  the  action  of  sulfuric  acid 
(IS  andSO^),  l.e.,  it  did  not  undergo  the  acetylene-allene  teanangement. 

Therefore,  the  unsaturated  ketone  (III)  was  obtained  as  a  result  of  the  hydration  of  the  acetylenic  alcohol 
(I)  a»  the  triple  bond,  and  the  subsequent  dehydration  of  the  6-ietol(II)  formed  as  a  result  of  the  first  reaction. 


CH,— CH, 

^COH  — C  =  C  — C^Hi  - 

CH,— ClfT 


CH,— CH. 

>COH-CH,-CO-C,H« 


a) ' 


CH,  — CH, 
(H) 


CH,— CH 


CH,— CH, 


^  C  =CH— CO— C,H, 


(no 


The  dehydration  is  aided  by  the  presence  of  the  very  active  methylene  group  hydrogens  in  the  chain  of  the 
molecule  of  the  keto  alcohoL  The  phenomenon  was  observe  previously  during  the  hydration  of  3^nylpropyn- 
^■ol-l  and  4,4^imcthylpentyne-2-ol-l,  which  finally  formed  unsaturated  ketones  with  small  amounts  of  »he  cor 


responding  6 -keto  alcohols  (6]. 
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Upon  comparison  of  the  many  liteiature  teports  on  the  hydiatioo  cf  tertl^y  acetylenic  alcohols  of  the  type 
RR^OH—C=CH  la  acidic  ir*  I|a  la  the  presence  of  mexcisic  sulfate,  the  foHovring  fact  stands  out:  normal  re¬ 
action  products,  ff-ketoalcohnh  (KJipOH  -CO-CH^.  are  formed  %ritb  the  presence  of  aliphatic  radicaU  (R  and 
Rj  =  alkyl)  In  these  alcohols  [7"^).  ^ 

la  the  above  case,  because  of  ihe  lesemblancetf  polymethylene  alcohols  to  the  aliphatic,  neither  1-phenyl- 
acetylenylcyclopentanol-1,  nor  l-phenylacetylenylcyclobexanol-l  Isomerize  directly  Into  eshylenlc  ketones  by 
the  action  of  an  acidic  mercuric  suliate  solution,  or  in  the  presence  of  sulfuric  acid  alone.  The  piesence  of  these 
ketones  in  the  reaction  products  is  explained  by  the  dehydxation  of  the  0-ketoalcohoL 

If  one  of  the  alii^atic  radicals  is  substittxed  by  an  aryl,  in  addition  to  the  hydration  of  the  alcohol,  an 
acetylene-alleoe  reanangement  leaditig  to  the  isomeric  products,  the  unsaturated  aldehydes,  readily  occurs  £13). 

The  isontetization  of  purely  aromatic  tertiary  acetylenic  alcohols  into  unsaturated  ketones  by  the  action  of  sul¬ 
furic  acid  [14],  or  other  acidic  catalysts.  Is  also  repcsted  in  the  litetatwe  [15^ 

Similar  effects  of  ihc  aromatic  radicals  on  the  acetylene -allene  tearrangement  were  found  by  one  of  the 
authors  diaing  a  study  of  the  tiansformaiions  of  acetyleiuc  pinacols  of  the  type  RR/^OH  —  COH(Rj)C=CRj  by  the 
action  of  sulfuric  acid.  In  the  case  sphere  R^  =  aryl,  the  reaction  ptoducu  were  found  to  be  ethylenic  y-keto- 
alcobols  (products  of  the  acetylene -ellene  reairangemeoi).  or  the  products  of  their  further  transformations  [16-18]: 
where  R|  =  alkyl,  the  acetylene-allene  teanangemeoi  either  did  not  take  place  at  all  [19X  or  was  not  the  main 
direction  of  the  reaction  [20]. 

Of  course,  the  structure  of  the  molecule  as  a  srbole,  the  character  of  all  the  radicals,  and  their  mutual  dis¬ 
tribution  must  be  consldeted  under  identical  conditions  during  an  examination  of  the  ttansfonnatlons. 

Ultraviolet  absorption  spectra  were  made  of  cyclohexylideneacetophenooe,  cyclopentylideneacetophenone, 
tepotted  in  the  previous  communication  [11  and  for  comparison,  that  of  acetophenone.  The  absorption  spectra 
were  photographed  in  a  quartz  ISP-22  spectrograph.  The  absorption  curves  are  given  in  the  Figure. 

The  clear  resemblance  of  curves  I  and  Ilcotrespondiitg  to  cyclopentylideoe-aod  cyclohexylideneacetophenone 
is  apparent  as  well  as  their  difference  from  curve  in,  cogctpondlng  to  acetophenone.  There  ate  three 

general  regions  of  absorption  in  the  spectra  of  all  three  compounds:  from  2400-2600.  ficm  2600*2800,  and  3000- 
3800  A.  The  absorption  specua  of  cyclopentylidene-  and  cyclohexylideneacetophenone  have  greater  absorption 
coefficiena  in  comparison  to  acetophenone,  and  Hdfu  ol  the  main  maxima  of  20-30  A  toward  the  longer  wave¬ 
lengths. 

The  presence  of  an  ethylenic  bond  was  proved  by  means  of  infra-red  ahsoeption  spectra  on  a  Hilger  D-88 
specttometer.  The  characteristic  frequency  band  fos  the  C  =  C  bond  lies  in  the  region  of  lO.Sji. 

The  specttx^hotographlc  investigations  were  conducted  in  the  Roenigennographic  Laboratory  of  the  Leningrad  In¬ 
stitute  of  Technology  -  under  the  direction  of  O.  K.  Setkina^  whom  the  authors  wish  to  thank  for  her  aid  and  advice. 

EXPERIMENTAL 

1-PhenylacetylenylcycIohexanol-l  was  prepared  according  to  Zh.  L  latsich*s  *  method.  The  purification  of 
the  alcohol  was  effected  according  to  a  previously  repotted  method  [11  Le.,  solution  of  the  substance  in  the  mini¬ 
mum  amount  of  methyl  alcohol  and  precipitation  with  large  excess  of  cold  water.  After  two  such  purifications, 
long  scale-like  crystals  with  ra.p.  61-62*  were  obtained,  as  reported  in  the  literature  [2.  31  Yield.  36  g  or  48^t»  of 
the  theoretical  amount. 

E:^erlment  L  l-Phenylacetylcnylcyclohexanol-l  was  heated  for  25  lours  to  60-65*  with  a  four -fold  excess 
of  an  aqueous  solution  of  mercuric  sulfate  in  sulfuric  acid  (10  g  of  HgO  50  ml  of  d  1.84.  and  300  ml  of 
HP)  [111 

experiments  were  conducted  in  which  10  aiu!  25  g  of  the  acetylenyl  alcohol  were  used.  After 
oeat^,  the  mixture  of  water  and  the  oily  product  was  fihexd  from  the  suspended  turbidity,  and  extracted  2  times 
%«*h  nzene.in  which  the  turbidity  was  insoluble.  After  drying  with  sodium  sulfate  and  Ihe  removal  of  the  benzene, 
i  re  distilled  at  140-140.5*  (2  mm).  A  slightly  gieecish  liquid  with  a  pleasaiu  odor  was  obtained, which 

aqueous  potassium  permanganate  solution  and  a  solision  of  bromine  in  chloroform, 
c  not  orm  methane  upon  reaction  with  methyl  magnesium  iodide.  Yield,  8(J5t  of  the  theoretical  amount. 

*G.'a.  Davydov  participated  in  the  synthesis  of  the  alcohoL 
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Uluaviolet  absorpcion  spectra  In  n*hexane.  0  Cycio- 
pentylideneacetophenoae.  IQ  cyclohexylideneaceto' 
phenooe.  m)  acetophenone. 


dj  1.0577:  dg  1.0436;  d^l,0418;  n^  1.5736. 

Found:  MRjj  61.77.  Calculated: 

MRd  60.6L 

0.1407  g  fubsunce:  0.4328  g  CO^  0.1040  g 

H|P.  0.2667  g  substance:  11.48  g  C^H^:  At 

0.6*.  Found  C  83.89:  H  8,21;  M  193.8. 

C^j^.  Calculated  C  84.00:  H  8.00; 

M  200. 

The  substance  formed  an  orange  precipitate 
at  once  with  2,4-dinitrophenylhydra2!ae,  which 
showed  a  pyrazoline  reaction.  After  lecrystalliza- 
tion  from  boiling  ethyl  alcohol  with  the  addition  of 
ethyl  acetate,  the  pyrazoline  melted  at  146-147*. 

0.1203  g  substance:  14.3  ml  N,  (12*.  779  mm). 
0.1002  g  subsunce:  0.2313  g  CO^:  0.0487  g  Hp. 
Found  C  62.95;  H  5.40;  N  14.61. 

Calculated  •?>;  C  63.17;  H  5.26;  N  14.74. 

Twentyfour  hours  later,  the  substance  with 
b.p.  140-140.5*  at  2  mm  solidified  into  a  uniform 
white  mass.  After  pressing  on  a  porous  plate  and  re- 
crysullization  from  alcohol,  the  substance  melted 
at  41-42*  and  gave  the  same  pyrazoline  (m.p.  146- 
147*)  with  2.4'dinitrophenylbydxazine,  as  the  liquid 
product  with  b.p.  140-140.5*  at  2  cun.  A  determina¬ 
tion  of  the  molecular  weight  of  the  crystalline  subr 
stance  showed  that  it  was  the  monomer. 

0.1053  g  subsunce:  15.09  gC^Kf:  At  0.17*. 

Found:  M  205.  Cj^HiP.  Calculated:  M  200. 


Oxidation  of  the  substance  with  m.p.  41-42*.  10 

g  of  the  unsaturated  ketone  and  8.0  g  of  potassium  permanganate  were  used  (theory:  7.9  g  of  the  oxidizing  agent 
based  on  two  moles  of  potassium  permanganate  per  mole  of  the  ketone);  300  ml  of  a  1^  solution  of  potassium  per¬ 
manganate  was  added  to  the  ketone  with  efficient  stirring  and  the  remaining  5  g  of  the  oxidizing  agent  was  added 
in  dry  form  according  to  the  decolorization  of  the  solution.  The  oxidation  proceeded  without  any  external  beating 
with  a  slight  evolution  of  heat. and  was  finished  within  2.5  hours.  The  manganese  dioxide  was  filtered,  washed 
with  hot  water,  then  ether,  and  an  ether  extraction  of  the  filtrate  was  made.  After  the  removal  of  the  ether.  5.1  g 
of  a  light  yellow  liquid  with  a  pleasant  odot  was  obtained.  A  substance  with  b.p.  155*  was  obtained  as  the  main 
fraction  (1.8  g)  upon  distillation  at  ordinary  pressure;  upon  further  disUllatioo  a  rapid  rise  of  the  temperature  to 
220*  and  a  partial  decompositiou  occuned.  For  this  reason,  the  residue  was  distilled  at  5  mm;  b.p.  128-130*.  2.0  g. 
There  was  4  g  of  a  tar  in  the  residue. 

Fraction  1  with  b.p.  155*  at  ordinary  pressure  formed  a  scmicarbazonc  with  m.p.  165-166*  and  a  2.4^11- 
nitrophenylhydrazone  with  m.p.  160-162*  conesponding  to  cyclohexcnone  [21)  (mixed  melting  point). 


Fraction  2  with  b.p.  128-130*  at  5  mm  (n^  1.449)  was  a  yellow  liquid  with  a  pleasant  camphor-like  odor, 
not  containing  a  hydroxyl,  decolorizing  potassium  permanganate  and  bromine,  forming  a  semicaibazone  (in 
alkaUoe  medium)  with  m.p.  175-5-177*  and  a  2.4-dinitrophenyIhi'drazone  with  m-p.  129-130*. 


0.2071  g  subsunce:  12.31  gC,H*:  At  0.49*.  Foutxl;  M  172.  C^H^  Cakulaied:  M  178. 

Analysis  of  the  2.4-diniuophenylhydrazone  with  m.p.  129-130*. 

0.1C66  g  substance:  14.4  ml  N,  (16*.  701  mm).  Found  V  N  15.73.  CaH,P4f(^  Ca’xulated^u  N  15.64. 

According  to  properties  and  analysis  of  the  2.4-dinitrophenylhydrazone.  the  substance  with  b.p.  128-130* 
at  5  ram  is  cyclohexylidenecylcohexanone  [22]  formed  as  the  resuU  of  a  kciol  condensation  of  cydohexanooe. 

3.5  g  of  a  precipitate  (nup.  99-105*)  was  formed  by  the  acidification  of  tiie  organic  acid  salu  with  dilute 
sulfuric  acid.  Benzoic  acid  with  m.p.  120-121*  was  obtained  by  sublimaaoo  of  the  preciplute.  After  many 
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visMcgs  of  the  pteclpiutc  %f!ih  water.*  benz^ylformic  acid  was  detected  in  the  wathings,  which  formed  a  difficultly 
vatcrnoluble  yeUow  pheaylhydrazore  with  m.p.  152-163  *  (nixed  melting  point  with  aithemlc  benzoylfonnlc 
acid  lAenylhydrazonc  [23]).  The  €<iueous  solution  in  which  benzoylformic  acid  was  also  detected,  was  siajected 
to  steam  distillation  in  order  tc  decompose  the  benzoylftroilc  acid  and  remoTC  the  formict  the  residue  was  con¬ 
tinually  extracted  with  ether.  The  residue  obtained  after  the  removal  of  the  ether,  melted  at  110-118*  and  con- 
tgteJ  of  benzoic  acid  with  a  small  impurity  <rf  adipic  acid  according  to  the  analysis  of  the  silver  salt. 

0.0901  g  salt.  0.0452  g  Ag.  0.1030  g  salt.  0.0517  g  Ag.  Found  Ag.  50.17,  50.20.  C|H^,Ag. 

Calculated  Ag.  47.12.  C^P4Ags.  Calculated  Ag  59.96. 

The  products  <rf  die  oxidation  of  the  ethylenlc  ketone,  cyclohexanone,  cyclohexylidenecyclohexanone,  ben¬ 
zoic  acid,  and  benzoylformic  acid  coofirmed  the  stmctoie  of  the  ketone  as  cyclohexylideneaceiophcnone. 

Experiment  n.  15  g  of  l-phenylacetylenylcyclohexandl  -1  and  60  ml  of  the  hydrating  agent  (5  g  HgO,  5  ml 
of  H^4d  1.84.  and  200  ml  of  Hp)»  were  heated  for  2.5  hours  at  60-65*.  After  the  usual  isolation  and  three  va¬ 
cuum  distillations  at  2  mm,  tluee  factions  were  obtained:  1)  with  b.p.  141-143*— 2.2  g  (n^  1,5775),  2)  with  b.p. 
143-154*-5.6  g  (n^  1.5750),  3)  Vith  b.p.  154-157*-‘5.3  g  (n^  1.5700);  residue  -0.5  g. 

All  three  fractions  gave  the  samepyiazoline  with  m.p.  146-147*  with  2,4^initrophenylhydrazin'e;  they  de¬ 
colorized  a  solution  of  bromine  in  chloroform,  whereby  fraction  3  formed  hydrogen  bromide:  all  of  the  fractions  de¬ 
colorized  an  aqueous  potassium  permanganate  solution,  however,  fraction  3  did  not  do  it  as  rapidly  as  fraction  1,  all 
reacted  with  methyl  magnesium  iodide  with  the  formation  of  methane,  but  3  was  much  more  imense  than  1. 

Analysis  of  fraction  3  with  b.p.  154-157*  at  2  mm. 

0.1038  g  subsunce:  0.3044  g  CO^:  0.0759  g  Hfi.  0.0465  g  substance:  2.5  ml  CH4(21*,  761  mm).  0.0439  g 

subsunce:  2.2  ml  CH4(21*.  761  mm).  Found  Ik:  C  79.98;  H  8.12;  number  OH  group  0.48,  0.44.  C^HiP. 

Calculated  ^  C  77.06:  H  8.26:  uumber  OH  group  1. 

The  analytical  results  and  the  properties  showed  that  a  mixture  tA  the  untaturated  ketone  and  the  keto  al- 
cobol  was  obuined  in  this  case. 

All  cf  the  three  fractions  were  combined.  10  g  quantity  and  treated  with  IS^  sulfuric  acid  at  65-70*  for  2 
bouts;  8.6  g  of  a  substance  vrith  b.p.  142-143*  at  3  mm  and  m.p.  41-42*  was  Isolated,  which  corresponded  to  cyclo- 
hezylideneacetophenone. 

Experiment  IIL  10  g  of  the  acetylenic  alcohol  with  m.p.  61-62*  was  heated  for  2.5  hours  to  65-70*  with  200 
ml  of  ld9>  sulfuric  acid.  After  the  usual  isolation.  9.2  g  of  a  thick  liquid  was  obtained  which  rapidly  crystallized. 
~The  subsunce  reacted  violently  with  methyl  magnesium  iodide  with  the  formation  of  methane,  and  did  not  form  a 
peecipiute  with  a  solution  of  2.4-diniuophenylbydrazine.  After  purification  by  means  of  repreclpitation  by  water 
Isom  a  methyl  alcohol  solution,  the  subsunce  was  isolated  in  the  form  of  characteristic  thin  crysuls  with  m.p  61- 
£2^  and  was  the  starting  acetylenic  alcohol. 

By  the  action  of  30^  sulfuric  acid  on  1-phenylacetylenylcyclohexanol-l  with  heating  up  to  80*  for  3  hows, 
the  acetylenic  alcohol  was  also  unchanged. 

SUMMARY 

1.  It  was  iiown  that  l-ph-nylacctylenylcyclohexanol-l  frumcd  the  Isomeric  ketone,  cyclohexylldeneaceto- 
pbcnone.  by  the  action  of  mercuric  sulfate  in  the  presence  of  8^  free  sulfuric  acid,  and  a  mixture  of  the  unutur- 
ated  ketone  and  B-ketoakobol  by  the  action  of  that  salt  with  3%  sulfuric  acid. 

2.  tt  was  shown  that  neither  ISS.  not  30%  solfwlc  acid,withow  the  mercuric  salt,  had  any  effect  on  the 
acetylenic  alcohol. 

3.  It  was  shown,  that  the  ethylcnic  ketone,  formed  under  the  conditions  of  G.  M.  Kucherov's  reaction  for 
teiTiaTy  polymethylene  acetylenic  alcohols  (5-and  6-roembered  cycles),  was  a  secondary  product  of  the  reaction, 
and  was  olxained  as  a  result  of  the  removal  of  water  from  the  B-ketoalcohol^notfuct  of  the  hydration  of  the  ace- 
rylenic  alcohols. 
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INVESTIGATIONS  OF  CYCLIC  ACETALS  OF  HYDROXYCARBONY  LIC  COMPOUNDS 
V.  METHYLLACTOLIDES  OF  ETKYLBENZOYLCARBINOL  -  AND  METHYLiv-ANISOYlCARBINOL 
T.  I.  Temnikova  and  N.  I.  Almashl 

In  oidei  to  further  study  the  ptopenies  and  transformations  of  lactolides  of  a-ketoalcohols,  the  synthesis  of 
the  methyllactolides  of  two  ketoalcohols.  ethylbenzoylcatbinol  and  methyl-p-anisoylcarbinol  was  effected  during 
the  present  investigation.  Both  of  tlic  methyllactolides  were  prepared  by  means  of  a  method  reported  in  the  first 
communication  of  this  series  [1]. 


Ar— CO— CHBV— R  > 

absolute  ether 


Ar— C 


CH— R 


Where  Ar  »  C,H^  R  =  C,H,  and  At  =  R  =  CH,. 


The  methyllactolide  of  ethylbenzoylcatbinol  (I)  was  considerably  more  stable  than  that  of  methylbeittoyl* 
carbinol:  however,  upon  distillation  and  storage,  it  slowly  polymerized.  The  methyllactolide  of  methylanisoyl- 
carbinol  was  very  unstable,  it  polymerized  rapidly  upon  standing  irt  ether  sclutions  In  the  presence  of  sodium 
methylate,  upon  distillation,  and  upon  storage  in  pure  form.  Therefore,  the  inuoduction  of  a  CH^ group  Into 
the  para  position  does  not  change  the  stability  of  the  methyllactolide  of  raetbylbenzoylcarbinol;  oo  the  ocher 
hand,  the  substltition  of  a  methyl  by  an  ethyl  directly  at  the  oxide  ring  considerably  increased  the  stability  of 
the  methyllactolide  during  distillation,  as  well  as  upon  storage. 


In  order  to  prove  the  structure  of  the  substance  obtained  by  the  action  of  sodium  methylate  upon  a-bromo' 
ethylphcnyl  ketone  as  the  raethyllactide,  its  hydrolysis  in  acidic  medium  was  conducted: 


C,H,— C 


CH  — C,H,->  C,H,— CO— CHOH— C,H, 


OCH. 


(0 


GO 


The  isolated  ethylbenzoylcatbinol  (II)  was  identified  and  ultraviolet  absorption  curves  of  both  compounds 
(the  methyllactolide  (0  and  the  ketoalcohol  (II))  were  take.n.  The  absorption  of  ethylbenzoylcatbinol  has  max- 
Ima  characteristic  for  beitzoyl  group  (the  Figure,  Curve  II}  at  a  X  of  322  m/r,  and  X  280  mp[2].  The  methyl 
lactollde  does  not  have  maxima  in  these  regions,  but  it  abstxbs  at  the  shorter  wavelengths  (X  265-242  rap)  be¬ 
cause  of  the  presence  of  a  benzene  ring  in  It. 


Because  of  the  ease  of  hydrolysis  in  aqueous  acidic  medium,  the  methyllactolide  of  ethyloenzoylcarbinol 
formed  the  2.4Hlinitrophenylhydrazone  of  ethylbcnzoylcarbirx)!  by  the  action  of  a  sulfuric  acid  solution  of  2,4- 
dirritrophenylhydrazine.  A  dimerization  occurred  by-the  action  of  HCl  in  methanol,  and  the  cyclodlmethyl- 
lactolide  of  ethylbenzoylcarbinol  with  m.p.  239-240*  (lU)  was  formed,  which  was  i»cvlously  reponed  [3]. 


C,H, 


C,H,  — C 

ch/^o' 


,0.  ^OCH, 

I  C,H, 

CK— CjH, 


(HD 


An  Isomerization  of  the  methyllactolide  of  tthylben- 
zoylcatbinol  into  a  carbonyl-containing  compouoi  (Figure. 
Curve  ni)  occuned  by  the  action  oi  magnesium  bromide  eth- 
etate:  In  analogy  with  previously  studied  cases,  it  can  be 
supposed  that  the  isomerization  occurred  according  to  the 
scheme: 

OCH,  /JCH, 

C.H,— C- - CH— C,H,-^  CgH,— CH - CO— C,H,. 
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car  biool. 


catbinoL  11)  ethylbenzoylcarbinol. 
Ill)  niediyl  ether  of  phenylpropionyl' 
carbiooL 


38  g  of  o-bromoethylphenyl  ketone  was  added  dropwise  to  a  sus¬ 
pension  of  8  g  of  sodium  methylate  in  absolute  ether.  The  mixture  was 
left  to  stand  for  24  hours,  the  sodium  bromide  and  the  excess  sodium  methyl¬ 
ate  were  temoved  by  filtration.  The  ether  solution  was  vacuum  distilled. 

18  g  of  a  substance  with  b-p.  94-S5*  at  10  mm  resulted  after  two  distilla¬ 
tions.  Yield. 

dif  1.0256;  n^  1.49634;  ng  1.4992;  nj  1.50987;  MR^  50.76;  MRg 
51.93.  CuHiP,. 

Calculated  MR^  50.52;  MRg  51  65  (0.35  was  added  during  the  calculation 
as  the  increment  for  the  oxide  ring  for  the  a  line,  and  0.45  for  the  6). 


0.1349  g  subsunce:  0.3663  g  CO,;  0.0983  g  Hp.  0.1190  g  substance:  0.3244  g  CO,;  0.0858  g  Hp.  0.2060 

g.aubstance:  0.2779  g  Agl.  0.0914  g  substance:  15.71  g  benzene:  At  0.17*.  Fomd^:  0  74.05,  74.33; 

H  8.16,  8.07  ;  OCH,  17.8.  M  176.  CuH;P,.  Calculated^:  C  74.11;  H  7.92;  OCH,  17.4;  M  178. 

The  subsunce  reacted  violently  with  ethyl  alcohoL 

Reaction  of  the  Methyllactolide  of  ethylbenzoylcarbinol  with  2.4-dinlttophenylhydrazlne.  0,5  g  of  the  methyl- 
lactolide  of  ethylbenzoylcaibtnol  was  added  to  a  solution  of  0.4  g  of  dinitrophenylhydrazine  In  3  ml  of  concentrated 
sulfiaic  acid  in  2  ml  of  water  and  10  ml  of  alcohoL  The  mixture  was  left  to  sund  overnight.  Orange  crystals  de¬ 
posited,  which  were  recrysullized  from  light  peuoleum  ether.  M.p.,  174-175*. 

0.1168  g  subsunce:  16.4  ml  N, (18*.  756  mm).  Found  1b:  N  16.81;  CjPjP,N^  Calculated  1b:  N  16.28. 

The  substance  did  not  conuin  a  methoxyl  group. 

Hydrolysis  of  the  methyllactolide.  5  g  of  the  methyllactolide  was  heated  with  Sib  aqueous  H,S04foir  6  hours. 
The  hydrolysis  product  distilled  completely  at  OO**  at  2  mm.  A  glycol  with  m.p.  67-68*  was  obtained  by  the  action 
of  ethyl  nugnesium  bromide  on  it.  A  mixed  sample  w^th  glycol-  3-phenylhexa'ndiol-3,4wxhm.p.  67-68*  melted 
at  the  same  temperature  [4]. 

Reaction  of  the  methyllactolide  with  methyl  alcohol  conulnlng  2lb  HCl  2  g  of  the  methyllactolide  was  added 
dropwise  with  cooling  to  20  ml  of  methyl  alcohol  conuinlng  2^^»  Hci^.  A  Nothing  of  the  solution  occurred:  colorless 
crysuls  deposited  as  a  result  of  the  reaction,  which  were  filtered  and  recrysullized  from  alcohol:  m.p.  239-240*. 

1.5  g  was  obtained. 

Found  1>:  OCH,  17.6  C,,H,P,(OCH,)>  Csilculated  1b:  OCH,  17.41. 

The  crystals  obtained  melted  without  depression  in  a  mixture  with  the  cyclodlmethyldilactolide  of  ethylben¬ 
zoylcarbinol  reported  previously  [31  and  obtained  by  the  action  of  HCl  In  CHpH  on  ethylbenzoylcarbinoL 

Isomerization  of  the  methyllactolide  of  ethylbenzoylcarbinol  Into  the  methyl  ether  of  phenylproplonylcai- 
4  g  of  the  methyllactolide  of  ethylbenzoylcarbinol  was  added  dropwise  with  efficient  stirring  to  an  ether 
solution  of  magnesium  bromide  prepared  from  1.5  g  of  Mg  (5).  Five  hours  later,  the  solution  was  washed  with 
hydrochloric  acid,  alkali  solaion.  and  then  after  drying  with  MgSO^  It  was  distilled.  2  g  of  a  substance  boiling 
at  82*  at  2  mm  was  obtained  after  two  distillations. 

0.1191  g  sidrsunce:  0.3223  g  CO,;  0.0864  g  Hp.  0.1039  g  substance:  0.2827  g  CO^  0.0762  g  Hp.  0.0561 
g  substance:  18.6  ml  0.1  R  Na,sp,  Found  1b:  C  73.86.  74.25;  H  8.12  8.21;  OCH,  17.21.  C^H^P,.  Cal¬ 
culated  1b;  C  74.13;  H  7.91;  OCH,  17.41. 


II.  Preparation  of  the  Methyllactolide  of  Methyl-p-anisoylcarblnol. 

The  suiting  sid>sunce  for  the  synthesis,  the  a-bromoethyl-p-anlsyl  ketone,  obtained  from  anlsole,  a-bromo- 
proplonylbromide,  and  AlCl,  had  a  b.p.  154-159* at  8  mm  (Auwers  gives  a  b.p.  of  152-162*  at  10  mm).  The 
methyllactolide  was  obtained  by  the  usual  method  [1,5]  starting  from  10  g  of  the  biomoketone.  A  fuctlon  93-94* 
at  3  mm  was  obtained.  Yield.  1.5  g. 


A  siong  urilng  occiuted  diring  the  synthesis,  as  well  as  dtaing  distillation. 

dj*  1.105;  n*  1.50384;  MR^  51.96.  51.73.  0.1226  g  substance;  0.3067  gCO^  O.OO'n  g 

Hfi.  0.1161  g  substance;  0.2894  g  COj;  0.0722  g  H/3.  0.0496  g  subsuoce:  30.5  ml  0.1  N  Na^p^  Fooiid 
G  68.16.  67.85;  H  7.05,  6.93;  OCHj  31.67.  Calculated  C  68.04;  H  7.22;  OCHj  31.95. 

SUMMARY 

1.  The  methyllactolidts  of  ethylbenzoylcaibinol  and  methyl -p-anlsoylcarbinol  were  newly  obuined.  The 
methyllactolide  of  etfaylbenzoylcarbinol  was  comparatively  stable,  bta  it  slowly  polymerized  upon  stotage.  The 
methyllactolide  of  methyliP-anisoylcarbinol  polymerized  very  rapidly  upon  distillation,  and  upon  beii^  noted  in  the 
ptae  form. 

2.  The  transformations  of  the  methyllactolide  of  ethylbenzoylcarbinol  were  nudied. 
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acylation  of  unsatdrated  htdrcarbons 

n.  ACETYLATION  OF  PHENYLACETTLENE  AND  HEPTYNE-i  WITH  ACETIC 

ANHYDRIDE  IN  THE  PRESENCE  OF  ZINC  CHLORIDE  * 

V.  N.  Belov  and  G.  Z.  Shekhtmaa 

In  the  first  communication  of  the  authors  and  RudoLi  [1],  it  was  shown  that  2<hlaro-l-acetylcyclobexaoe 
vra:  formed,  in  addition  to  tetrahydroacetophenone,  during  the  acetylation  of  cyclohexene  with  acetk;  anhydride  in 
the  presence  of  chlorides  of  c^ain  metals  (zinc  and  stannic  chlorides).  It  was  shown  that  the  intermediate  forma¬ 
tion  of  acetyl  chloride  or  hydrogen  chloride  did  not  occur  under  the  cooditloiu  of  this  reaction.  On  the  basis  of  these 
results.whlch  iiulicated  that  a  direct  transfer  of  the  chlorine  ^tom  from  the  condensing  medium,(metal  chloride)  to 
tiie  ketone  formed  occurred; during  the  process  of  the  reaction,  a  general  scheme  of  this  reaction  was  suggested. 

In  order  to  obtain  supplementary  experimental  material  on  the  given  problem,  the  acetylation  of  certain 
hydrocarbons  cotsaitting  a  triple  bond,  rumely,  phenylacetylene  and  heptyne-l.  was  ejected  under  similar  condi¬ 
tions  (acetic  anhydride  in  the  presence  of  zinc  chloride).  In  both  cases  only  the  corresponding  chlotoketones  with 
an  ethylenic  bond  could  be  isolated:  l<hlnro-l*f^enylbuten  -l-one-S  (I;  R=CfHj)  in  the  case  of  the  acetylation 
of  phenylacetylene  (yield  about  31^  of  the  theoretical),  jnf4<hlororioneno3-onc-2  (Hi  R=C*Hij)  for  the  acetylation 
of  heptyne-1  (yield  about  20*^  of  the  dieoretical).  Acetylenic  ketones  were  na  detected  among  the  reaction  pro¬ 
ducts.  These  results  may  be  descilbed  by  the  following  general  scheme: 

RCSCH  ♦  (CH^;p  +  ZnCl,  RaC=CH-COCH,  ♦  ZnCl(OCOCH^.  (1) 

Products  were  obtained  in  these  experimenu  on  the  acetylation  of  acetylenic  hydrocarbons  with  acetic 
anhydride  in  the  presetx:e  of  zinc  chloride,  which  were  usually  formed  by  the  reactionof  acetylenic  hydrocarbons 
with  acayl  chloride  in  the  presence  of  aluminum  chloride.  The  last  reaction  leads,  as  it  is  known,  to  the  for¬ 
mation  of  products  of  the  addition  of  acetyl  chloride  to  the  hydrocarbon  with  the  triple  bond  [2].  Chloroketonc 
(II)  was  also  obtained  by  this  method,  and  was  found  to  be  identical  with  that  obtained  by  acetylation  trith  acetic 
anhydride.  The  only  difference  was  in  the  yield  of  the  chloroketonc  (in  the  reaction  with  acetyl  chloride  in  the 
presence  of  AiCls  the  yield  was  about  439>  of  the  theoretical). 

The  results  obtained  in  the  jxesent  investigation  are  completely  in  accordance  with  the  mech¬ 
anism  of  the  acetylation  reaction  of  nnsaturated  hydrocarbons  with  acetic  anhydride  in  the  presence  of  metal  chlor¬ 
ides  suggested  in  the  first  communication  on  this  problem  [1).  It  is  believed  that  the  process  occurs  by  means  of  an 
intermediate  formation  of  a  complex  consisting  of  all  three  components  of  the  reaction  mixture.  Such  an  inter¬ 
mediate  complex  can  be  formed,  fcr  example,  by  the  reaction  of  acetic  anhydride  with  the  molecular  compound 
formed  by  the  unsaturated  hydrocarbon  and  the  meul  chloride,  as  well  as  by  the  reaction  a(  the  unsaturaMd  hydro¬ 
carbon  with  the  molecular  compoursl  formed  by  the  acetic  anhydride  and  the  metal  chloride.  If,  in  the  case  of  the 
acetylation  of  the  ethylenic  hydrocarbon,  the  intermediate  complex  is  capable  of  decomposing  with  the  formation  of 
the  saturated  chloroketone,  as  well  as  the  unsaturated  ketone  not  containing  a  chlorine,  then  with  acetylenic  hydro¬ 
carbons,  a  similar  complex  decomposes  exclusively  in  the  direction  of  the  formation  of  the  chloroketone.  This,  how¬ 
ever,  does  nor  exclude  the  possibility  that  the  6-chl<aoketone  may  be  the  main  product  of  the  acetylation  of  ethyl¬ 
enic  hydrocarbois,  but,  because  of  its  instability,  is  readily  transformed  into  the  nnsaturated  ketone  (for  example, 
it  gives  a  hydrogen  chloride  fragment  to  a  molecule  cf  the  startitig  ethyleitlc  hydrocarbon)* 

The  considerably  smaller  activity  of  the  chlorine  atom  in  the  unsatiaated  chloroJetones  (0  and  (11)  obuined. 
In  comparison  with  that  of  the  B  ^hlorovinylketooes  obtained  from  acetylene  itself,  must  be  mentioned. 

As  it  is  known,  a  dilotine  atom  in  B<h  lor  oviny  licet  ones  obtained  by  the  addtion  of  acyl  halides  to 
acetylene,  possesses  very  great  reactivity.  This  fact  causes,  for  example,  irrstability,  atxl  in  isolited  cases. 
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because  of  this  instability,  makes  the  preparation  of  certain  derivatives  impoalblc  for  B-chlorovinyl  ketones.  TI  os. 
according  to  the  data  of  Takid>ovich  and  Merkulova  [2].  6-chlorovlnyl  ketone  temicarbazones  change  very  easily 
which  hinders  their  purification  by  recrystallization.  The  impossibility  of  obtaining  the  oxime  and  the  hydrazone 
of  methyl-6 <hl(xovinyl  ketone  was  mentioned  in  the  earlier  communication  of  Cotnlloi  and  Alquler  [31  Re¬ 
cently.  Nesmeyanov.  Kochetkov,  and  Rybinskaya  [4]  showed  that  the  reaction  of  alkyl-6 -chlorovlnyl  ketones  with 
hydrazine,  as  well  as  with  arylhydrazines,  leads  to  the  formation  of  the  3-nlkyl-  and  the  l-aryl-3-nlkylpyrazoloaes 
which  result  from  the  participation  of  the  chloio-as  well  as  the  carbonyl  grtmp  in  the  reaction.  This  property  of 
6'chlorovlnyl  ketones  was  used  by  Nesmeyanov  and  Kochetkov  [53  for  the  synthesis  of  certain  heterocyclic  com¬ 
pounds  based  upon  them.  In  particular.  tbey,together  with  Sentsenov  [6]»developed  a  convenient  method  foe  the 
preparation  oi  isoxazoles  by  die  reertioi  of  6<hlQrovinyl  ketones  with  hydroxylamlne. 

All  of  the  above  literature  data  are  in  relation  to  chloi ovlnyl  ketones  without  substUuenu  in  the  chloco- 
vlnyl  radicaL  A  comiderably  greater  stabmiy  for  the  bond  with  the  chlorine  atom  was  found  in  both  of  the  sub¬ 
stituted  6 -chlorovinyl  ketones  (I  and  n)  conulning  the  amyl  and  phenyl  group,  respectively,  on  the  carbon  atom 
bound  directly  to  the  chlorine  atom. 

4'Chlaononene-3-one-2,  as  well  as  l-chlQro-l<phcnylbui)en-l-one-3.  fotrhed  completely  suble  semicarba- 
zooes  which  did  not  change  during  many  rectystallizations.  A  pure  preparation  of  this  chloroketooe  was  obtained, 
by  u»ing  the  general  method  of  decomposition  (see  the  experimental  section),  from  the  semlcatbazone  of  l<hlQro- 
l-phenylbixen  -l-one-3.  Both  of  the  cWoro  ketones  (I  and  n)  formed  other  characteristic  ketone  derivatives  teuin- 
Ing  the  chlorine  atom  in  the  molecule.  Thus^oximes  were  obtained  for  ketones  (0  and  (E).  aixl  2,4«diruxrophenyl- 
hydrazone  for  (I).  These  derivatives  also  did  not  shown  any  noticeable  signs  of  changing  upon  recryttallization. 
or  upon  prolonged  storage.  Only  the  oximes  of  the  chloroketones  were  formed  by  conducting  the  reaction  of  these 
chloroketones  with  hydroxylamlne  under  conditions  which  were  xed  by  Nesmeyanov  aixl  Kochetkov  for  the  prepara¬ 
tion  of  Isoxazoles:  heterocyclic  compounds  were  not  found  among  the  reaction  products. 

Pbenylpropiolic  acid  was  obtained  by  the  oxidation  of  the  chloroketone,  obuli^  hy  the  reaction  of  phenyl- 
acetylene  with  acetic  anhydride  in  the  presence  of  zinc  chloride,  with  sodium  hypochlorite.  * 

Therefore,  the  oxidation  process  was  accompanied  by  the  elimination  of  a  hydrogen  chloride  fragment. 

EXPERIMENTAL 

1.  Reaction  of  Phenylacetylene  with  Acetic  Anhydride  in  the  Presence  of  Zinc  C3iloride. 

23  g  of  ardiydrous  zinc  chloride  was  added  gradually  with  stinlng  to  a  mixture  of  35  g  of  phenylacetylene 
(b.p.  142  -143*.  n^  1.5472,  d^  0.9340)  and  52  g  of  acetic  anhydride.  The  temperature  of  the  mixtwe  rose  from 
60-80*.  After  the  temperature  dropped,  the  reaction  mixture  was  heated  on  the  water  bath  until  complete  solution 
of  the  zioc  chloride,  which  required  about  3  hours.  After  steam  distillation  of  the  volatile  tviuctlon  products  and  their 
subsequent  fractionation,!  about  10.6  g  of  starting  phenylacetylene(~30^  of  that  used)  and  13.5  g  of  a  ketonic  frac¬ 
tion  with  b.p.  132 -138*  (10  mm;,  the  main  part  of  which  distilled  at  132 -135*  (10  mm),  were  obtained.  The  chlor¬ 
ine  content  in  this  fraction  was  16.8^  (calculated  for  CuH^Cl  19.639>):  the  ketone  content  (determined  by  the  oxi- 
iratlon  method)  based  on  the  chloro-ketone.  was  97lk.  The  semlcarbazoiM.  obtained  from  this  fraction,  had  an  m.p. 
180.5-181*  (from  alcohol). 

Found:  N  18.13.  CuH,pN^L  Calculated  1^:  N  17.67. 

A  pure  preparation  of  l<hloro-l'phenylbuten  -l-ooe-3  with  b.p.  137 -138*  (10  mm)  was  obtained  by  the  de¬ 
composition  of  the  semicatbazoire  (heating  with  an  aqueous  oxalic  acid  solution  with  the  simultaneous  solution  of 
the  ketone). 

ng  1.5930;  df  1.2373.  MRd  49.47.  C^HpCl  Calculated:  Mi^  49.19. 

Found  loi  C  66.63,  66.62;  H  4.90,  5.02;  Cl  19.52.  C„HpCl.  Calculated  Ifc;  C  6^.49;  H  5.02;  Cl  19.63, 

The  oxime,  colorless  needles,  m.p.  93*(frcm  alcohol). 

Found  C  61.35.  61.16;  H  5.23,  5.21;  N  7.26.  7.25;  Cl  18.01.  18.16.  Cj^iPNCl.  Cafcnlated 

C  61.38;  H  5.16;  N  7.16-  Cl  18.12.  ' 

The  2.4-dlnltrophenvIhvdrazooer  shining  red  ciysuls.  m.p.  194 -195*  (from  alcohol). 

•  The  oxidation  wis  condteted  in  order  to  prove  the  structure  of  the  ketone  as  l<hloto-l-phenyIbutra  -l-one-3. 
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Found  C  53.46.  53.63;  H  3.80.  3.67;  N  15.74.  15.46:  Q  10.13,  10.14.  C^ii04N^L  Calculated^: 

C  53.27;  H  3.63:  N  15.53;  Q  9.83. 

Oxidation  of  l*chlofo~l-phenylbuten*l*one-3  with  sodinm  ^yochloriie.  400  ml  of  a  sodium  hypochlorite 
solution  (containing  4.S9>  active  chlorine)  was  added  with  cosxinuous  stirring  over  a  IS-minuie  period  to  8  g  of 
the  chlorbketooe  (b.p.  133-135"  at  10  ram,  n^  1.5930),  The  mixture  was  then  stirred  for  3  hours  at  50-60*.  The 
uneacted  ketone  (about  2  g)  was  extracted  with  benzene  from  die  reaction  mixture.  3.8  g  of  a  crystalline  pro- 
■  duct  was  obtained  by  the  acidification  of  the  evaporated  aqueous  solutions.  After  two  recrystallizations  from  water, 
colorless,  shiny  needles  with  ra.p.  138*  were  obtained.  A  mixed  melting  point  with  an  authentic  preparatioo  of  phen- 
ylpropiolic  acid  showed  no  depression.  '  .  - 

Found  acid  number:  384.  Calculated  acid  number:  383.2.  Found  It:  C  73.91,  73.54; 

H  4.27.  4.45.  CalcuUted  Ifc:  C  73.98:  H  4.14 

2.  Reaction  of  Heptyne-1  with  Acetic  Anhydride  in  die  Presence  of  Zinc  Chloride. 

9  g  of  anhydrous  zinc  chloride  (with  efficient  stirris^  %ras  added  to  a  mixture  of  20  g  of  bepcyne-1  (m.p. 
99-103*,  n^  1.4200,  containing  76^  of  the  1-isomer)*.  An  increase  in  the  temperature  occurred  which  was  de¬ 
creased  by  water  cooling.  For  complete  solution  of  the  zinc  chloride,  the  reaction  mixture  was  heated  for  3  houn 
at  50-55*  with  continuous  stining.  The  reaction  ^oduct  was  then  poured  into  water  and  extracted  with  ether. 

The  extract  was  washed  with  sodium  carbonate  solution  and  with  water,  and  then  dried  with  sodium  sulfate  After 
removal  of  the  solvent  and  fractionauoo  of  the  residue  in  vacuum.  5  g  of  the  starting  substance  and  5.5  g  of  a  frac¬ 
tion  with  b.p.  93-95*  (10  mm)  were  obtained 

ng  1.4645;  df  0.9939;  found  MRjj  48.54?fc  Cl  2C.10.  CjM^pCI^.  Calculated;  MRj^  48.17;  ^  a  20.30. 
Semicarbazone.  colorless  crystals,  m.p.  137-133*  (from  alcohol). 

Found  N  18.11,  18.13.  C^eHiPN^L  Calculated  1b:  N  18.14. 

A  mixed  melting  point  with  the  remicarbazoiie  of  the  chloro-ketone  <4>taloed  by  the  reactioo  of  heptyne 
with  acetyl  chloride  in  the  presence  of  aluminum  chloride. gave  uo  depression. 

An  oxime  was  obtained  by  heating  1.2  g  of  4-chlQrcnonene-3-one-2  with  a  solution  of  0.8  g  of  hydroxyl- 
amine  hydrochloride  in  10  ml  of  methanol  for  3  hours  on  the  water  bath.  The  teartion  mixture  was  diltfed  with 
4  volumes  of  water,  the  oily  layer  exuacted  with  ether.  The  solution  was  dried  vrith  sodium  sulfate:  after  re¬ 
moval  of  the  solvent,  the  residue  was  vacuum  distilled.  A  product  with  b.p.  85 -36*  (10  mm)  was  obtained: 
ng  1.4687. 

Found  1b;  N  7.41.  7.34;  Cl  18.77.  18.69.  C,H^i«X  Calculated  N  7.39;  a  18.69. 

The  same  oxime  with  b.p.  85  -86*  (10  mm)  was  obtained  by  conducting  the  reaction  in  the  presence  of 
sodium  acetate.  The  niuogen  content  of  this  oxime  also  coaeqioaded  to  the  calculated. 

SUMMARY 

1-.  It  was  found  that  chloroketones  with  ethyleoic  bonds  (l<hloro-l'pheoylbuteo  -l>one-8,  and  4-chloro- 
ponene-3-one-2)  were  formed  by  the  reaction  of  phenylaccrylene  and  heptyoe-1  with  acetic  adiydride  in  the  pres¬ 
pace  of  zinc  chloride.  Acetylenic  ketones  were  not  found  among  the  reaction  products. 

2.  These  results  prove  the  expressions  of  the  mechanism  of  the  acetylation  reactions  of  nnsaturated  hydro¬ 
carbons  with  acetic  anhydride  in  the  presence  of  metal  chlorides  stated  in  the  first  communication* 

3.  The  lesser  reactivity  of  the  chlorine  atom  in  1-chloro-l-pbenylburen  -l-ooe-3  and  4chlorononene-3-one 
2  in  comparison  to  that  of  the  chlorine  in  3  -chloiovinylketoaes  not  containing  substiiucas  on  the  carbon,  to  which 
the  chlorine  atom  is  directly  connected,  was  showa 
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DISSOCIATION  OF  TRIA  RYLCARBINOLS 
O.  F.  Ginsburg 


As  early  as  the  90*s  it  had  been  shown  that  basic  tiiphenylmethane  dyes  were  subjected  to  hydrolysis  in 
aqueous  solution  [1).  As  a  result  of  the  hydrolysis,  a  chemical  equilibrium  is  gradually  established  in  the  solu¬ 
tion,  which,  for  example,  can  be  represented  by  the  followii^  equation  for  malachite  green: 


i(CH,), 

From  equation  (I)  it  follows  that  the  quantitative  study  of  the  hydrolysis  reaction  would  make  possible  the 
determuiation  of  the  dissociation  constant  of  the  so<alled  carbinol  bases  of  the  triphenylmethane  dyes,  which  are 
formed  by  the  removal  of  a  hydroxyl  group  from  the  methane  carbon  aom. 

The  hydrobromide  and  hydroiodide  of  malachite  green  were  obtained  in  chemically  pure  form  [2],  and  the 
pH  of  their  aqueous  solutions  was  determined  at  19^  1*.  The  values  found  are  given  in  Table  1. 


TABLE  1 


Expt. 

No. 

1 

Name  of  dyes  j  C  (moles/liter) 

1  pH  value 

i  Found 

Calculated  f 

1 

Malachite  green  hydrobromide .  |  1.48  •  10’* 

4.95 

4.86 

2 

Malachite  green  iodide .  ^  1.05*  10’* 

5.02 

4.94 

3 

Crystal  violet  hydrobromide . :  7.45*10’^ 

6.40  1 

6.25 

4 

Crystal  violet  iodide .  |  9.60- 10"^ 

6.35  1 

6.19 

■  \ 


C:J 


—  C-OH ♦ H* 

O 


(1) 


Comparatively  recently,  Goldacre  and  Phillips  [2\  on  the  basis  of  the  experimental  results  obtained  by  a 
comparison  of  the  intensities  of  the  colors  of  aqueous  solutions  of  the  dyes  at  various  pH.  calculated  characterit- 
tics  called  by  them  "ionization  constant  at  equilibtium"  for  a  whole  series  of  basic  triphenylmethane  dyes,  which 
also  are  hydrolysis  constants  of  the  dyes.  pH  values  were  calculated  using  these  constanu,  which  must  correspond 
to  those  of  the  investigated  solution. 

As  it  is  apparent  from  Table  1.  the  values  found  and  calculated  are  very  close,  and  for  this  reason  the  dis¬ 
sociation  constants  of  4,4'-tetramethyldlaminotriirtienylcarblnol  and  4,4*,4"-hexamethyltriaminottlphcnyIcarblnol 
calculated  on  the  basis  of  the  pH  value  of  the  solution cf  the  dyes  and  on  the  experimental  i?$r  ’is  obtained  by 
Goldacre  and  Phillips  also  agiee  satisfactorily  with  each  other.  It  was  found  that  the  dissociation  constants  of  4,4*- 
tetramethyldiaminotriphenylmethylcarbinoi  was  equal  to  9.24*  10"*,  and  3.76  *  10  *fot  4,4*,4"-hexamethyltrl- 
amicotriphenylcarbinol  (at  19^. 


Contlnuii*  the  study  of  the  hydrolysis  of  salts,  from  which  the  so-called  "pseudooases"  are  formed  by  the 
action  of  alkalies.  U  appeared  to  be  of  interest  to  compare  the  hydrolysis  constants  of  these  salts  in  varioia  solvents. 

Fcf  this  purpose,  the  hydrolysis  constants  of  4.4’-tetramethyldlamlnoiriphenylcarblnoL  4,4*-<etramethyldlaralno- 
diphenylcarbinol,  dlantipyrylphenykarblnoL  and  10-mcthyl-9-phenyl*^-hydroxy*9,10-dlhydroacrldlnc  salts  were 
determined  in  aqueous  acetone.  Hydrolysis  constants  were  calculated  from  the  pH  values  of  aqueous  acetone  solu¬ 
tions  containing  equimolecular  amounts  of  the  carbinol  and  its  salt.  Table  2  compares  the  pK  of  the  above  compourxls 


in  aqueotu  acetone  and  in  water. 

It  must  be  mentioned  that  the  hydrolytU  conaant  irf  malachite  green  was  calculated  on  the  basU  of  experi¬ 
mental  dau  obuined  in  the  foUowing  experiment;  a  sample  of  4.4’-tetramethyldlamlDotriphenylcaibinol  was  dis¬ 
solved  in  a  defined  quantity  of  aqueous  acetone. 


TABLE  2 

T 


Expt. 

No. 


Name  of  carblnol 


T 


PK 


i  in  water 


in  aqueous  acetone 


When  equili¬ 
brium  was  est4.blished 
in  the  solution  obtained, 
the  concentration  cf 
hydrogen  ions  was  det¬ 
ermined  potentiomeui- 
cally.  and  that  of  the 
dye  cations  colori- 
meuically.  while  the 
pK  was  calculated  by 

means  of  formula  (2).  and  was  found  to  be  equal  to  6.06.  Le..  completely  satisfactorily  agreed  with  the  values  given 
in  Table  2. 

[ROH] 


4.^-Tetrametbyldiamlno<iiphenylcaxbinol 
Diant  ipy^  iphenylcar  binol 
4,4f-Tetramethyldiaminotripheoylcarbinol 


5.61* 

6.56 

7.07 


j  1 0-Mcthyl -9-phenyl -9-hydroxy -9. 1 0*d ihydroactldine  j  9.58 


4.70 

5.50 

6.05 

8.55 


pK*plf-log 


[R^J 


(2) 


Since  the  hydrolysis  of  the  above  compounds  is  a  special  case  of  an  acid  -  base  equilibrium,  and  fox  this  rea¬ 
son.  as  it  was  expected  in  view  of  Brmsed's  theory  [8],  the  points  obtained,  upon  plotting  the  values  in  aqueous 
acetone  solution  versus  those  in  water  on  coordinate  axes,  lie  with  complete 
agreement  upon  a  straight  line,  the  tangent  of  an  angle  of  inclination  equal 
to  1  ee  the  figure). 


It  could  be  expected  that,  in  contrast  to  aqueous  solutions,  in  nitro¬ 
benzene  in  which  solvation  is  impossible  and  which  is  accompanied  by 
the  transformation  of  the  cation  of  the  dye  into  a  compound  with  a  4<co- 
valent  methane  carbon  atom,  the  dissociation  of  the  carbinol  could  be 
very  considerable.  The  experimenu  conducted  confirmed  these  suggestions. 
Thus,  for  example,  nitrobenzene  solutiom  of  4,4'-tetramethyldiaminotriphen- 


ylcaibinol  and  4,4'.4"-hexamethyltriaminotriphenylcarbinol  were  prepared, 
in  which  the  first  compound  was  found  to  be  dissociated  to  an  extent  of 
70%.  and  the  second.  90%. 


(CH,)N  / 


w. 

-  c-oict 

] 

U 


■  (CHyljN 


.  J 

C 

r 

N(CH,), 


^;N(CH,), 


♦  OH 
(3) 


Therefore,  the  results  ob¬ 
tained  in  the  present  investigated 
completely  confirm  the  suggestions 
of  the  ability  of  the  so-called  pseiilo 
bases  of  Hantzsche  to  dissociate  in 
various  solvents  with  the  cleavage 
of  the  hydroxyl  group.  This  dissocia¬ 
tion.  for  example,  can  be  represented 
by  equation  (3)  for  4,4’.4"-hexa- 
methyltriaminotrlphenylcarbinoL 


EXPERIMENTAL 


1.  4.4‘  -Tetraroethyldiaminotriphenylcarbiool 

0.1001  g  of  4i4‘-teuamethyldlamlnouipbenylcarbinol  was  dissolved  in  70  ml  of  60%  aqueous  acetone. 


Concentration  of  the  solution.  C  =  4.13- 10  *m'olcs/ liter.  pH  of  the  solution,  8.50.  temperature.  19  ♦  1? 
The  absorption  spectrum  of  the  solution’!:  given  in  Table  3l‘  ” 

•  According  to  the  results  of  Goldacrc  anl  Phillips  [2], 
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TABLE  3* 


1-— 

‘X  m^ 

D 

X  mfi 

D 

Pd" 

'Xmp 

D 

fXmp 

D 

500.0  1 

1 

0.024 

1  665.(i 

f 

0.490 

,630.0 

0.67S 

520 

1 

!  0.008 

600 

0.212 

•  630 

10.365 

520.0 

0.035 

;  t20.0 

0.652 

635.0 

‘d.6i2 

540 

0.027 

1610  ; 

'0.295 

1  640  j 

1 0.235 

540.0 

0.074 

1  622.5 

1 0.679 

640.0 

;  0.531 

560  , 

0.070 

!620  { 

10.366 

!  650  I 

0.178 

560.0 

0.150 

625.0 

jo.  690 

650.0 

,0.345 

580 

0.131 

625  1 

0.375 

1  ! 

580.0 

0.257  ; 

;  627.5 

.0.686 

. 

1 

TABLE  4  Tiie  solution 

obtained  was  acidi¬ 
fied  with  a  0.1  N 
hydrochloric  acid 
solution  and  diluted 
500  tiroes  with  60lb 
aqueoiB  acetone.  On 
the  following  day,  the 
absorption  spectrum  of  the  dye  solution  obtained  was  taken,  whose 
pH  was  4.50  (temperature  19  The  concentration  of  the  dye  in 
the  solution  was  C  0.82*  10 naoles/liter. 

The  absorption  spectrum  of  the  solution  obtained  is  given  in  Table  4. 

/ 

2.  Determination  of  the  pH  of  Aqueous  Solutions  of  Several  Dyes 

A  sample  of  the  salt  was  dissolved  in  water.  The  pH  of  the  solution  was  measured  in  all  experimedcs  on  a 
pH  meter  with  glass  and  calomel  elecuodes  at  19  4-1*.  The  results  obtained  are  given  in  Table  5. 


TABLE  5 


Expt. 

No. 

Name  of  the  dissolved  substance 

1  Sample 
(in  g) 

'Amount  of 
water  (ml) 

— 

PH 

1 

Malachite  green  hydrobromide 

0.0607 

100 

4.95 

2 

Malachite  ^en  hydroiodide 

0.0481 

100 

5.02 

3 

Crystal  violet  hydrohromide 

0.0505 

150 

6.40 

4 

Crystal  violet  hydroiodide 

0.0479 

100 

6.35 

5 

Antipyrine  orange  citrate 

0.0797 

100 

4.70 

6 

104>lethyl-9-phenylacridinlum  iodide 

0.0900 

100 

6.10 

0.C912 

100 

6.10 

TABLE  6 


8.  Determination  of  the  pH 
of  Several  Salts  in  Aqueous  Acetone 

A  sample  of  the  substance  was 
dissolved  in  70  ml  of  60*^  aqueous 
acetone.  If  the  salt  was  used.  0.5 
equivalents  of  sodium  hydroxide  was 
added:  if  the  bases  were  used.  0.5 
equivalents  of  hydrochloric  acid. 

On  the  following  day,  the  pH  of  the 
solution  was  determined  at  19^  1. 

The  results  obtained  are  given  in 
Table  6. 


Exiit. 

No. 

Name  of  the  dissolved  substance 

1— imrniiiii  iiii  iitf 

oampic 

j- 

HCl 

NaOH  ; 

1 

Malachite  green  hydroiodide 

0.0588 

- 

0.72  ^  6.05 

2 

4, 4' -Tc  tram  ef  h  yld  ia  minoti  i  phe  ny  Ic  arb  Inol 

0.1886 

2.72 

j  6.05 

3 

Antipyrine  Orange  lutiite 

0.1004 

— 

0.95  i  .  5.50 

4 

Diantipyrylphenylcarbinol 

0.1231 

1.28 

—  I  5.50 

6 

4,4*  -Teuamethyldlamiiuxiiphenylcarbinol 

0.1102 

2.04 

-  j  4.70 

6 

lO-Methyl-^-pheaylacrldinium  Iodide 

0.1448 

— 

1.82  J  8.60 

) 

p.l515 

2.64 

-  j  8.60 

7 

10-Mcthyl -9-phenyl -94iydroxy -9, 1 0-dihydroacridinc  < 

0.1517 

2.64 

I  8.50 

j 

D.1523 

2.65 

*  1  8.55 

4.  Absorption  Spectra  of  Solutions  of  the  Dyes  and  their  Carbinol  Bases  in  Nitrobenzene 

a)  4.4’-Teaamethyldiamlnotripheny]carbinol  and  malachite  green  hydroiodide  were  dissolved  in  nltrobenaene. 
The  solutions  obtained  were  heated  for  2  hows  on  the  water  bath  at  80*.  cooled,  and  the  absorption  spectra  uken  on 
the  following  day  (Table  7). 

The  applicability  of  Beer's  law  to  solutions  of  malachite  green  in  nUrobenxcne  was  shown  previously  [4]. 

The  concentration  of  the  dye  cation  in  the  nitrobenzene  solution  of  4.4’4cuamethyldlamlnDaiphenyl- 
carbinol  wasequal  to  4.0  '  lO'^g-lons/Uter. 

b)  Solutions  of  4,4'.4--hexamethyltriamlnolriphenylcarDinol  and  crystal  ^det  hydroiodide  in niuobenzene 
were  prepared.  The  absorption  specua  niere  taken  3  days  later  (Table  8). 

_ The  concentration  of  the  dye  catitm  in  the  niuobenzene  solution  of  4.4'.4"-hexaracthylularalnotnphenyl- 

•  All  of  the  specuophotomeuic  measurements  were  effected  on  the  SF-11  spectrophotometer- 
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c arbinol  was  equal  to  7.2  •  10  " •  g-lons/litcr. 

TABLE  7  TABLE  8 


X  mp 

1 

D 

X  mp 

1 

D 

Malachite  green 
hydroiodide 

C  =4.3  10** 
moles/liter 

4.4’ -"itramethyldl- 
a  minotriphe  ny  Icarbinol 

C  =5.8  10** 
moles/liter 

'Crystal  violet 
hydroiodide 

C  =  5.10-* 
moles/liter 

.  4.4*,4"-ltxameihyltri- 
*  amiootrli^enylcarbmol 
C  =  810*  • 
moles/liter 

600 

0.42 

0.40 

550 

0.237 

0.444 

620 

0.85 

0.81 

590 

0.450 

0.670 

630 

1.09 

1.04 

600 

0.497 

0.720 

635 

1.15 

1.09  - 

605 

0.468 

0.700 

640 

1.06 

1.01 

610 

0.468 

0.658 

650 

0.79 

0.75 

‘  620 

0.381 

0.502 

SUMMARY 

The  carbinol  compounds  of  the  uiarylmethaoe  dyes  (the  soolled  "pseudo  baseslof  Hantzach)  ate  capable 
of  dissociation  wUh  the  cleavage  of  the  hydroxyl  group  and  the  foimation  of  dye  cations.  This  dissociation  occtits 
in  other  solvenu.  as  well  as  in  water. 
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CYCLOALKYLATION  OF  AROMATIC  COMPOUNDS 
Vn.  CONDENSATION  OF  CYCLOKEXANOL  WITH  CHLOROBENZENE 


N.  G.  Sidorova  and  1.  Sw  Lapovok 

•V 

In  the  previous  investigations  [1],  it  was  shown  that  the  alkylation  of  aromatic  hydrocarbons  with  cyclic 
alcohols  in  the  presence  of  aluminum  chloride  gave  good  yields  of  monoalkylated  products.  It  seemed  of  In¬ 
terest  to  try  this  method  upon  the  halobenzenes,  and  in  particular,  upon  chlorobenzene.  For  this  reason,  the  study 
of  the  coodertsation  of  chlorobenzene  with  cyclohexanol  in  the  presence  of  aluminum  chloride  was  coialucted. 

In  order  to  compare  the  various  methods  of  alkylation,  the  alkylation  of  chlorobenzene  with  cyclohexene  in  the 
presence  of  aluminum  chloride  and  with  cyclohexanol  in  the  presence  of  phosphoric  acid  was  studied. 

The  cycloalkylation  of  the  halobenzenes  has  been  studied  many  times  in  the  past.  Their  condensation 
with  cyc.ohexanol  in  the  presence  of  AlCl,  [21  H^^  [31  atid  BFj  [4)  has  been  reported.  The  maximum  yields 
(34  -50*^  of  theory)  were  obtained  by  the  alkylation  of  chlorobenzene,  the  lowest;  with  the  alkylation  of  iodo- 
benzene.  In  both  cases,  only  the  obtaining  of  the  p-isomers  is  reported. 

The  condensation  of  halobenzenes  with  cyclohexene  was  effected  in  the  presence  of  AlCli  [5, 6]  and 

[7].  The  systematic  study  of  the  reaction  in  the  presence  of  sulfuric  acid  conducted  by  Truffault  is  of 
the  greatest  imerest.  However,  even  under  optimum  conditions  the  yield  of  the  p<yclohexylbenzene  by  means 
of  this  reaction  did  not  exceed  44^  of  theory.  Similar  yields  were  obtained  with  the  condensation  under  the  in¬ 
fluence  of  aluminum  chloride.  Considerably  better  resulu  (72^  of  P'Cyclohexylchlo'obenzene  and  65lb  of  p- 
cyclohexylbromobenzene)  were  obtained  by  the  use  of  chlorocyclohexane  and  AlCly  [81  An  analogous  conden¬ 
sation  of  bromobenzene  with  chlorocyclohexane  was  also  effected  [91  This  investigation  is  of  interest  because 
the  authors  investigated  the  reaction  products  in  detail  and  showed  that  they  consisted  of  all  three  isomen  of 
cyclokexylbromobenzene,  whereas  all  of  the  other  investigators  reported  only  the  obtaining  of  p<yclohexyl- 
halobenzenes.  It  is  interesting  that  the  formation  of  o-  arxl  m-isomers,  in  addition  to.the  p-isomers,  has  been 
frequently  observed  during  the  alkylation  of  halobenzenes  with  aliphatic  compounds  [10]. 

-  The  alkylation  of  chlorobenzene  with  cyclohexanol  in  the  presence  of  aluminum  chloride  was  studied  In 

greater  detail.'  The  aim  Of  this  investigation  was  not  only  to.find  those  conditions  which  would  lead  to  good 
.  yields  of  alkylation  products,  but  also  the  effect  of  the  conditions  upon  the  [ormation  of  the  different  isomers. 

9.9  -1.0  moles  A1C]|  pet  mole  of  cyclohexanol  was  necessary  for  the  obtaining  of  good  yields  A  favorable 
effect  was  shown  by  an  excess  of  chlorobenzene  and  by  a  deciease  in  temperature.  The  temperature  affects  not 
not  only  the  yields  of  the  alkylation  products,  but  also  their  compositions:  the  product  obtained  at  high  tempera¬ 
tures  consisted  wholly  of  p^yclohexylchlorobenzene,  while  that  obtained  by  condensation  at  0*  conv  lined  con¬ 
siderable  amounts  of  the  o-isomer.  The  order  of  the  addition  of  the  reactants  was  of  great  effect.  Better  results 
were  obtained  when  the  AlClj  was  added  gradually  to  a  mixture  of  chlorobenzene  and  cyclohexanoU  Consid¬ 
erable  amounts  of  higher  boiling  products  and  tars  were  obtained  when  cyclohexanol  was  added  to  a  mixture  of 
chlorobenzene  and  alumlruim  chloride,  in  addition  to  cyclohexylchlorobenzene.  This  is  explained  by  the  fact 
that,  with  the  gradual  addition  of  the  alctrfjoL  the  firw  portions  of  it  come  in  conuct  with  a  large  amount  of 
aluminum  chloride  whose  excess  usually  leads  to  accumulation  of  poly -substituted  products.  Under  optimum 
conditions,  as  high  as  85^  yields  of  cyclohexylchlorobenzene  were  attained. 

Tne  Identification  of  the  reaction  products  was  effected  by  oxidizing  them  to  the  chlorobenzoic  acids. 

In  one  case,  the  method  of  dehydrogenation  with  bromine,  usually  used  for  cyclic  hydrocarbons  [Dl  was  applied. 
Its  use  for  the  dehydrogeiution  of  cyclohexylchlorobeit*ne  gave  good  results. 

Theprodua  obtained  by  condensation  at  95*  was  the  pure  p-4somex.  since  only  p-chlorobenzoic  acid  was 
obtained  upon  oxidation  with  nitric  acid.  The  condensation  product  at  0*  consisted  of  approximately  2^3rds  of 
the  p-  and  1/S^d  of  cyclohexylchlorobenzene,  which  was  shown  by  its  oxidation  to  the  corresponding  chloroben- 
zoic  acids.  The  product  obtained  at  20*  was  a  mixture  of  o-  and  p-  Isomers  with  the  latter  predominating-  The 
m-  isomer  could  not  be  detected  in  any  case. 


The  following  were  varied  during  the  condensation  of  chlorobenzene  with  cyclohexene  iu  the  presence  of 
aluminum  chloride:  the  amount  of  catalyst  and  chlorobenzene,  the  order  of  addition  of  the  reagents,  and  the  re¬ 
action  time.  However,  the  change  of  the  conditions  had  little  effect  upon  the  results  in  this  case.  The  prodnct 
was  obtained  in  low  yield  (17-26*55*  of  the  theoretical  amount)  and  always  contaminated  wUh  the  dimer  of  cyclo¬ 
hexene. 

The  condensation  of  cyclohexaool  with  chlorobenzene  in  the  presence  of  phosphoric  acid  could  not  be 
accomplished  even  tnough  analogous  reactions  with  aliphatic  alcohols  have  been  reported  (12).  In  all  cases,  only 
the  dimer  and  polymers  of  cyclohexenp  were  obtained.  These  results  are  explained  by  the  easy  dehydration  of 
cyclohexadol  and  the  ability  of  cyclohexene  to  polymerize  readily. 

EXPERIMENTAL 

Condensation  of  Chlorobenzene  with  Cyclohexanol  in  the  Presence  of  Aluminum  Chloride 

The  reaction  was  conducted  in  the  usual  aj^atatus  with  a  mechanical  stirrer.  The  results  of  the  condensations 
giving  the  maximum  yields  are  reported  below. 

13.3  g  (0.1  mole)  of  aluminum  chloride  was  added  in  small  portions  over  a  l*hour  period  with  efficient  stir¬ 
ring  to  a  mixture  of  100  ml  (1  mole)  of  chlorobenzene  and  10  g  (0.1  mole)  of  cyclohexanol.  If  the  addition  of 
AlClj  was  made  at  20",  a  violent  evolixion  of  hydrogen  chloride  started  after  the  addition  of  all  of  the  catalyst, 
which  continued  for  15-20  minutes;  the  mixture  warmed  up  slightly  with  this.  The  mixture  was  allowed  to  stand 
until  the  following  day  in  order  to  complete  the  reaction,  and  then  decomposed  in  the  usual  manner.  In  the  case 
of  the  reaction  at  0*  the  mixture  thickened  after  the  addition  of  part  of  the  aluminum  chloride,  and  required 
the  addition  of  100  ml  more  of  chlorobenzene.  A  slow  evolution  of  hydrogen  chlcside  started  after  the  addition 
of  all  of  the  A1C1>  and.  continued  for  2  days.  During  this  time  the  mixture  was  kept  at  0-5*.  After  the  decom¬ 
position  of  the  reaction  mixture,  the  chlorobenzene  layer  was  washed,  dried,  and  distilled.  In  both  cases  the  yield 
of  cyclohexylchlaobenzene  with  b.p.  120 -121* (7  mm)  was  identical.  16.6  g  (85^  of  the  theaetical  amount). 

Repeat  condensations  with  thiee<fold  quantities  of  the  reagents  gave  the  ume  resulu.  Increasing  the  reaction  tem¬ 
perature  to  50-95*,  lowered  the  yield  to  65  -  70*55). 

Cyclohexylchlorobenzene  obtained  at  95*  had  the  follovrii^  constants: 

B.p.  121*  (7  mm);  df  1.0637;  ng  1.5384;  MRd  57.23.  CijHtfCl;  calculated  MRd  56.67. 

p-Oilarobenzolc  acid  with  m.p.  230*  was  obtained  by  oxidation  with  nitric  acid  (d  1.111)  in  a  sealed  tid>e 
at  130-150*  for  10  hours.  After  one  recrysuUization  from  water,  the  melting  point  rose  to  238*  (uncon.).  p-Chlwo- 
benzoic  acid  mebs  at  242*  according  to  the  literature. 

Cyclohexylchlorobenzene  obtained  at  20*  had  the  following  constants: 

B.p.  121*  (7  mm):  df  1.0688:  ng  1.5403:  MR_  57.12;  calculated  MRj^  56.67.  Found  *^':  Cl  18.37. 

CuHi^l.  Calculated^:  Cl  18.25. 

Oxidation  with  nitric  acid  gave  a  product  melting  at  156-180*.  Fractional  crystallization  gave  p<hlorobm- 
zoic  acid.  m.p.  238  ,  and  crystals,  melting  at  140-160*,  horn  which  tx>  individual  substance  could  be  isolated. 

Dehydroge nat ion .  The  calculated  armunt  of  bromine  was  added  dropwise  to  cyclohexylchlorobenzene  heated  . 
to  160*  in  a  thr^-neck  flask  with  a  thermometer,  dropping  funnel,  and  a  reflux  condenser.  After  the  addition  of  all 
of  Uie  bromine,  the  heating  was  continued  for  several  hours,  the  mixture  allowed  to  stand  until  the  evolution  of 
hydrogen  bromide  stopped,  and  distilled.  The  foUowii^  fractions  were  obuined:  L  b.p.  267-270*;  II.  274-276'J 
in.  280.-283*.  p<Ihlorodipheoyl  with  m.p.  74*  (from  ligroin)  was  isolated  from  the  second  and  third  fraction  upon 
cooling.  The  liquid  fraction  distilled  at  267-270*.  It  corresponded  to  O'Chlorodipbenyl  according  to  boiling  point. 

Nittatlon  (8)  of  cyclohexylchlorobenzene  gave  an  oil  which  partlaUy  crystallized.  Pure  4-chloro-2,6-dlni- 
trocyclobexylbenzene  with  tn.p.  92*  was  obtained  upon  recrystallization  from  alcohoL 

Cyclohexylchlorobenzene  obtained  at  0*had  the  foHowing  constants: 

B.p.  120* (7  mm);  dj*  1.0691;  ng  1.5402;  MR^  57.10.  C,^^U  calculated  MRp  56.67. 

Oxidation  with  dilute  nivic  acid  gave  a  mlxtise  of  o-  and  P'chlorobenzolc  acidv  which  were  separated  by 
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ejcractloa  with  hot  water  and  ftaciional  crystallization  with  wate:,  p^hlorobcnzolc  acid  with  m.p.  2S8*  composed 
approximately  2/3  of  the  total  amount  of  the  acids,  while  o<hlorobenzoic  acjJfwuh  m.p.  142*.  about  1/3. 

Condensation  of  Chlorobenzene  with  Cyclohexene  in  the  Presence  of  Aluminum 
Chios  IdT  ~  " 

The  reaction  was  conducted  with  mechanical  stinlng.  The  order  of  addition  of  the  reagenu  was  always  the 
same,  cyclohexene  was  added  to  a  mixture  of  chlorobenzene  and  AlCl*.  The  amount  of  AlClj  was  varied  from  0.4 
to  1.0  nx)le  per  mole  of  cyclohexene;  the  chlorobenzene  was  always  taken  in  ten-fold  excess.  TIk  reaction  tem¬ 
perature  was  varied  from  20-40*.  The  yield  of  the  fraction  with  b.p.  120 -125*  (7  mm)  was  17-265*  of  the  theoc- 
etical  amount,  m  addition,  considerable  amounts  of  high  boiling  fractions  was  obtained.  All  of  the  products 
decolorized  a  solution  of  potassium  permanganate  and  bromine  water. 

Condensation  of  Chlorobenzene  with  Cyclohexanol  in  the  Presence  of  Phosphoric  Acid 

The  reaction  was  conducted  in  a  three-nccked  flask  with  a  reflux  condenser  and  mechanical  stfrrer.  The  i^ioi- 
phcxic  acid  (d  1.86}  was  prepared  by  evaporating  commercial  acid  in  a  platinum  dish.  The  reaction  was  conducted 
under  various  conditions.  The  amount  of  chlorobenzetre  was  varied  from  5  to  10  moles,  and  the  amount  of  phosphoric 
acid  from  2  to  10  moles  pet  mole  of  cyclohexanol.The  temperature  was  varied  from  55  to  120*  and  the  heating  time 
from  1  to  10  hours.  In  spite  of  all  of  the  variations  in  conditions,  the  reaction  either  did  not  occur,  or  cyclobexeoe 
with  b.p.  79-82*,  its  dimer  with  b.p.  60-63*  (4  mm),  and  polymers  with  b.p,  63-150*  (4  mm)  were  obuined  as  re¬ 
action  pcoducu.  The  reaction  products  gave  a  positive  reaction  for  a  double  bond  and  a  negative  one  for  halogen. 

SUMMARY 

1.  The  condensation  of  chlorobenzene  with  cyclc^exanol  was  studied  and  conditions  which  gave  yields  of 
cyclohexylchlorobenzece  of  up  to  85^  of  theory  were;  found. 

2.  It  was  shown  that  p-cyclohexykhlorobenzene  was  formed  upon  conducting  the  condensation  with  heating, 
whereas  at  0-20*  a  mixture  of  o-  and  p-cyclohexylchlorobenzene  was  obtained, with  the  latter  predomiiutlng. 

3.  The  condensation  of  chlarober,zene  with  cyclohexanol  in  the  presence  of  phosphoric  acid  could  not  be 
accomplished  The  phosphoric  acid  behaved  as  a  dehydrating  and  polymerizing  agetx. 
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TJIANSETHERIFICATION  OF  DIA LKYLAMINOMETHTLA  LKYL  ETHERS 
•K.  G.  Mizucb  and  R.  A.  Lapina 


R 

Dlalkylamlnomethylalkyl  cthcn  of  the  general  formula  ]>  NCHpR  (I)  are  characterized  by  increased  re¬ 
activity,  and  are  separated  in  this  way  from  simple  ethers.  This  is  especially  graphically  illustrated  by  :he  reac¬ 
tion  of  (O  with  organo-magnesinm  compounds  [1]. 

The  increased  zeaaivity  of  (1)  can  be  explained  by  the  tendency  of  the  C-O  in  these  compounds  to  polar¬ 
ize  as  a  result  of  which  a  center  of  elect  cphyllic  activity  arises  at  the  carbon  atom  of  the  methylene  grmip  which 
facilitates  neucleophyllic  substitution. 

The  formation  of  (C|H|)|NCH]C1  6Hp,  isolated  by  Stewart  and  Btedley  £2]  by  the  iseutraiization  of  N* 
diethylaminomethylisobutyl  edier  with  hydrochloric  acid,  and  the  formation  of  various  diallcylamioomethyl  deri¬ 
vatives  with  the  participation  of  (I),  repented  by  a  series  of  atzhors  [3-5],  can  be  assigned  to  tht«  type  of  reaction. 

MacLeod. and  Robinson  [3]  obtained,  by  the  action  of  diethylaminomethylethyl  ether  upon  acetophenoi^e 
and  2,4'dlnitroColuene,  6*diethylaminopropiophenone  and  2.4'diniuo-6'diethylatninoethylbenzeoe,  respectively, 
which  they  characterized  as  the  chlmoplatlnates.  Heou-Feo-Tseou  and  Chang-Tsing-Yang  [4]  obtained  the  piper- 
idinomethyl  derivatives  by  the  action  of  piperidinoinethylethyl  ether  on  naphthol.  lupbthy  la  mines,  cresols.  and 
several  other  substituted  phenols.  Burckhaltet  and  co-wrikers  [5]  used  (0  for  the  preparation  of  dialkylamlno- 
methylphenols. 

The  ease  with  which  these  reactions  proceeded  led  to  the  suggestion  that  (D  is  capable  of  reacting  with 
other  nucleophyllic  reagents. 

The  presence  of  the  group:>N-CHp-in  (I)  makes  it  possible  to  regard  them  not  only  as  ethers,  but  also 
as  the  nitrogen  anaiogs  of  formals,  monoaminofotmais  Such  a  view  has  been  given  more  than  once  for  compouixls 
similar  in  structure.  The  structural  analogy  between  acetals  and  bis-(dialkyIaminoJmethylenes,  on  cne  hand  (61 
and  acetals  and  bis-<stearylamido}methylene.  on  the  other  [7]  has  been  poiaed  out. 

Upon  comparing  (0  with  formulas  (ID  and  bis-(dialkylamino)methyleoes  (lU),  an  undoubted  similarity  in 
their  structures  is  apparem. 

J^N-CHi-O-R,  R-O-CHj-O-R, 

(0  (D)  (no 

This  resemblance  is  not  limited  to  the  formal  formula  alone.  is  known  that  (D.  z»  as  (H)  ate  readily 
hydrolyzed  in  aqueoiu  solizlons  by  the  action  of  acids  and  possess  stability  to  alkalies.  However,  other  reactions 
reported  fer  formals  were  not  applied  todialkylaminometbylalkyl  ethers. 

One  of  these  reactions  which  has  been  more  thoroughly  studied  for  formals  is  the  alcoholysis  reaction,  wh'*h 
can  be  regarded  as  a  neucleophyllic  substitution  at  the  carbon  atom  of  the  methylene  group. 

DelEplne  [8]  obtained  diamylfmmai  as  one  of  the  reactica  products  by  beating  methyl  al  with  amyl  ai'ohol 
in  the  presence  of  catalytic  amounts  of  hydrochloric  acid  Mikhitoryan  [9]  found  that  the  Ighter  alJcoxyl  gtoups  were 
displaced  from  the  acetals  during  the  reaction  of  methylacetal  or  bniwaldehyde  acetal  with  pcntaeryihritol  in  the 
presence  of  p*toluenesulfonlc  acid. 

Kuzsanov,  Setklna,  anl  Itodlonov  [10]  report  on  the  possibility  of  alkoxyl  ladicals  of  formals  to  be  exchanged 
by  heavier  ones  on  beating  them  with  alcohols  in  the  absence  of  catalysts. 

gssed  upon  the  structural  analogy  formals  to  dialkylamino  methylalkyl  ethers  and  the  ability  of  these 
and  others  to  substitute  neucleophyllically.  it  was  suggested  that  the  alcohols  reaction  would  proceed  with  diaJryl- 
amino  methylalkyl  ethers. 

This  ««gestion  was  confirmed  experimentally  (llj.  Upon  heating  diethylaminomethylethyl  ether  (IV)  with  be 


alcohol  at  130-135*  under  coadiiions  of  simuluneous  removal  of  the  ethyl  alcohol  formed,  dlethylamlnomethyl- 
hexylciher  (V)  was  obtained  in  a  l&k  yield; 

(C,H,),NCH,-OCrt  +  (CjUfi),  NCH,-OC*Hc  +  CjHpH. 

av)  (V) 

This  same  alcoholysis  reaction  with  high  yields  (up  to  80^»)  proceeded  with  other  primary  alcohols  of  various 
stTBCture:  n-buiyl.  isobuiyl,  n-decyl.  benzyl,  cinnamyl,  as  weU  as  with  butylglycol  and  phenylglycoL  In  addition 
to  primaiy  alcohoU.  the  akoholysU  reaction  was  effected  with  secondary  alcohols;  iiobutyl  alcohol  and  cyclohex- 
anoL 

As  it  was  expected  experiments  conducted  with  tertiary  alcohols  raethylethyllsoamylcarblnol  and  td.phenylh 
caiblnol.  did  not  lead  to  the  formation  of  dUlkylaminomeihylalkyl  etbeis  conuining  a  terUary  alcohol  lesldue, 
which  asreec  with  the'  musual  characteristics  of  the  hydroxyl  found  at  the  tertiary  carbon  atom  [12).  Upon  effeci- 
ii«  this  reaction  under  conditiom  reported  in  expetimfliu  with  primary  and  secondary  alcohols,  the  decomposition 
of  (IV)  occurred  with  die  fonnauon  of  ethyl  alcohol  and  a  laige  part  of  the  starting  tertiary  alcohol  was  recovered. 
The  alcoholysis  was  al«>  effected  with  dlisobutylarainomcthyl  ethyl  (VO  by  the  reaction  of  the  Utter  with 
n-decyl  alcohoL 

A  Urge  part  of  the  ethers  prepared  by  iiis  method  were  newly  synthesized  by  the  authors.  Several  of  these 
were  identified  by  means  of  ethers  obuined  by  the  reaction  of  diaUcyUmine,  paiaformaldehyde,  and  the  cones- 
ponding  alcohoL 

Another  interesting  reaction  is  the  ability  of  mixed  formal  to  become  symmetrical  (exchange  of  alkoxyl 
greeps)  under  the  influence  of  catalyst  or  with  increased  temperatures 

Sbostakovsky  and  Gershtein  [13]  observed  the  formation  of  symmetrical  acetals  during  the.  distillation  of 

ones. 

Kuisaixiv.  Setklna.  and  Rodionov  [10]  obtained  two  symmetileal  acetals  In  addition  to  the  asymmetrical 
ones  by  the  reaction  of  quaternary  ammonium  salts  with  various  alcohols,  which  famed  as  a  result  of  symraeui- 
rartoa  of  the  initUUy  formed  asym  metrical  aceub. 

Prilezhaeva.  Shapiro,  and  showed  the  ability  of  a.3-dUlkoxydlethylsulfldes.  having  the 

struct  ere  of  moooaceuls  (CH^-CH^^j^  ^  ^  to  disproportionate  with  the  famation  of  equlmolecular  amountt 
of  dUIkyUceuls  and  dialkozydiethylmercapula. ' 

It  also  coaid  have  been  supposed  that  dialkyUmlnomethyUlkyl  ethers  (I)  would  possess  the  ability  of  Intet- 
changing  alkoxy  groups,  ft  was  considered  that  experimental  proof  of  transetherification  would  be  obtained  by 
choosing  (0  so  that  one  oi  the  two  newly  formed  ethes  would  have  considerably  lower  boiling  point  than  the 
other,  and  could  fa  this  reason  be  removed  from  the  sf^ere  of  the  teaction.  This  ptoperty  would  enable  a  maxl- 
nxim  shift  of  the  reaction  in  the  desired  direction. 

Thus,  for  example,  the  following  two  new  ethers,  must  be  formed  by  the  interaction  of  dlethyUmlno- 
metbylbexyl  etha  (V)  with  diisobutyUminometbylethyl  ether  (VI);  dlethyUminomethylethyl  (IV)  with  b.p. 

132*  and  the  considerably  higher  boiling  diisobucyUminornethylhexyl  ether  (Vn): 

(V)  (VD 


cS!>  N-CH,-0-C,Ha, 

(rv)  (vn) 


CjH, 


Up®®  effecting  this  reaction,  it  was  found  that  the  temperature  of  the  reaction  had  to  be  raised  to  170-180* 

In  onSer  to  disill  the  readily  distilling  tiansetherification  product  (which  considerably  exceeded  the  temperature  of  the 
nusiue  daing  the  alcoholysis  reaction).  In  addition,  the  temperatureof  the  disOliig  liquid  was  much  lower  than  the 
boiling  point  of  the  expected  ether  (IV).  An  Invesigation  of  the  lower-boiling  disilUte  obtaiiied  showed  that  ethyl 
alcohol  was  the  main-  component  pan;  only  very  small  amounts  of  ether  (IV)  were  contained  In  it.  The  second  ex¬ 
pected  ether  was  isolated  with  a  yield  of  52. upon  vacuum  uistillation  of  the  reaction  mixture. 


Analogous  results  were  obtained  upon  the  transetherification  of  other  dlalkylaninomethylalkyl  ethers. 
V'.ethyl  a  ethyl  alcohol  was  the  main  component  of  the  lower  boiling  dlslllaie  upon  the  Imeiaction  of  dlisobutyl- 
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aminomcthylethyl  ezher  (VI)  and  dietbyUminomethylhutylglycol  ^her,  diethylaminomethyl-n-decyl  ether  and 
hexaraethyleneiininoincthylr3eth3i  ether,  as  well  as  diethylarainomethylphenylglycol  ether  and  hexamethyletie' 
iminoroethylnrethyl  ether.  ^ 

Tnc  expected  law  belling  diethylmethyhneihyl  ether  (b.p.  115*)  and  ( IV)  (b.p  132*)  were  found  in  very 
small  armunts.  On  the  other  hand,  the  higher  boilii^  ethers,  hexametl^lenelminomethylphenylglycol.  hexamethyl* 
enclminomethyldecyl,  and  diisobutylaminomethylbutylglycpi  ethers  were  Isolated  in  yields  of  80.7,  61  4  and  4€f3fc 
respectively.  The  presence  of  methyl  and  ethyl  alcohol  in  the  reaction  products  was  unexpected  and  indicated 
the  possible  decomposition  of  diethylamioomethylethyl  and  diethylaminomethylmethyl  ethers  at  the  tempera- 
tire  conditions  chosen  for  the  reaction. 

For  this  reason,  the  thermal  stability  of  (IV)  was  investigated  at  rUe  temperatures  cotresponding  tn  those 
in  the  reaction. 

Onheatwg  (IV)  in  a  sealed  tube  to  184*  (in  aniline  vapors)  for  12  hours,  a  dark  tarry  liquid  was  obtained 
which  differed  in  oizei  appearance  from  the  starting  ether.  Eiiyi  alcohol  and  bis^diethylamioo)methylene  were 
identified  in  he  reaction  products  by  means  of  fractional  distil'ition.  (FV)  was  not  isolated. 

In  an  analogoix  maaxKr  it  was  shown  that  diethylaminometbylhexyl  ether  (V)  was  subjected  to  decompo¬ 
sition  to  a  cenain  degree  by  beating  for  3  hours  at  170  -18r*  with  the  formation  of  diethylamine,  hexyl  alcohol, 
and  nitrogen-containing  scbszances. 

At  the  presets  time,  no  sort  of  scheme  can  be  ruggested  foi  the  thernul  decomposition  of  dialky  la  mino- 
metbyl  alkyl  ethers  v»hi:h  K?d  to  the  form.Mion  of  alcohols  (compare  p3D. 

These  experiments  placed  in  doubt  the  resolts  obtained  on  the  uansetherification  of  the  ethers  (0  since 
the  formation  of  diisobutylaminomerbylhexyl.  hexamethyleneimlnometbylphenylglycol.  heaxametbylenelmino- 
mcthyldecyl,  and  diiscbutylainiocmetbylbutylglycol  ethers  could  have  occurred  as  a  result  of  a  series  of  other 
transformations  caused  by  the  differem  thermal aabilities  tA  ether  coouining  lighter  and  heavier  alkoxyl  resi¬ 
dues. 

In  order  to  prove  more  exactly  the  course  of  the  trai:setherification  reaction  of  the  ethers  (I),  experiments 
were  conducted  in  order  to  determine  the  temperature  conditions  at  which  the  thermal  decomposliion  of  (IV)  did 
not  occur,  or  occurred  to  tbe  minimum  degree. 

It  was  found  that  ooly  of  ethyl  alcohol  was  formed  after  heating  (IV)  for  75  hours  in  a  sealed  tube  at 
132*  (in  vapors  of  chlocobeszene).  The  remaining  product  was,  judging  by  the  nitrogen  content  and  refraction, 
unchanged  (IV).  After  detenniBaiioa  of  the  relative  stability  of  (IV)  at  132*.  the  transetheiification  experiment 
of  (V)  and  (VO  was  repeated  under  these  conditions:  the  investigation  of  the  reaction  products  was  effected  by 
vacuum  distiUai  ion  at  texiipeiatiaes  also  not  greater  than  132*  in  the  reaetba  Dhyi  alcohol  was  not  detected  in 
this  experiroeoc.  As  a  resell  cf  the  reaction  (IV)  was  obtained  with  a  yield  of  28.6f>»  and  (VII)  with  a  yield  of 
22.7^  of  the  theoieticaL 

Therefore,  it  was  drown  that  alkoxyl  groip  interchange  reaction  between  various  dialkylaminomethyl- 
alkyl  ethers  truly  occnixed. 

EXPERIMENTAL 

The  alcoholysis  tbe  dialkylaminomethylalkyl  ethers  was  conducted  in  a  foia -necked  flask  with  a  mech¬ 
anical  stirrer,  dropping  fespel,  outgoing  coodenset,  and  therraometeB  which  showed  the  temperature  of  the  re¬ 
action  mixture  arxl  the  distilling  vapors.  A  mixture  of  the  alcohol  and  some  dialkylaminomethylalkyl  ether  was 
placed  into  the  flask.  *"<1  t*>e  beating  of  the  reaction  mixture  was  begun.  The  indication  of  the  start  of  the  reac¬ 
tion  was  the  formationof  a  distillate  of  ethyl  (or  methyl)alcohol.  The  starting  temperature  of  the  alcoholysis 
reaction  differed  in  relatica  to  tbe  starting  substances  used.  In  order  to  avoid  side  processes,  the  rest  of  (I)  was 
gradually  added  at  fliis  tempexature  After  the  addition  of  (I),  temperature  of  the  reaction  mixtiare  was  raised 
to  140-150**  and  was  kept  at  this  tenperaiure  untU  the  dlstUUtion  of  the  lower-boUing  alcohol  stopped  completely. 

The  alcoholysis  of  diethylamlnomethylethyl  ether  with  n-hexyl  alcohol  is  given  below  as  a  typical  experi- 
menul  report. 

•  The  alcoholysis  of  dlisobutylaminomethylethyl  ether  with  decyl  alcohol  occiated  at  a  higher  tenipetatu*®- 


Alcoholysis  of  DUlkyUmlnomethylalkyl  Ethers  (0 


Expt. 

No. 

Dialkylaminomethyltlkyl  ether 

Starting  alcohol 

Suucture  of  ether  obtained 

Yield 

BoUing  = 

“d 

(^) 

point  cc).;  ^ 

found 

1 

N-Butyl  alcohol 

- - - — 1 

(Cp,),NCHpC4H, 

69.59 

172-174  : 

2 

Isobutyl  alcohol 

(Cp^,NCHpC4H,.l«, 

72.5 

163-165  • 

3 

N-Decyl  alcohol 

(Cp,),NCHpCuHa* 

32.51 

146-147 
at  12  mm 

i 

4 

Benzyl  alcohol 

(Cp,),NCHpCHpp,« 

66.1 

122-124  0.9359 
at  15  mm ' 

1.4938 

60.10 

59.75 

5 

Butylglycol 

■ 

(Cp,),NCHpCHpHpC4l4* 

71.91 

111  0.8641 

at  13  mm ; 

1.4271 

60.42 

60.38 

6 

Pbenylglycol 

(CP|),NCHpCHpHpC4H4« 

61.65 

142-146  i0.99fl 
at  10  mm  ‘ 

1.4969 

65.39 

66.01 

7 

Cinnamyl 

alcohol 

(Cp,),NCHpCHpH :  CHCp,* 

78.61 

149-152  1 0.9562 
at  9  mm  ! 

1.5260 

70.40 

68.52 

8 

Cyclohexanol 

CHg-CHg 

(Cp,),NCHpCH  ^CH,' 

^CH,-CH| 

70.15 

93-94  .0.8839 

at  10  nun  | 

1 

1.4493 

1 

1 

56.26 

56.54 

9 

Isooctyl  alcohol 

(Cp4)|NCHpC4Hj,4io 

84.01 

111  1 0.8230 

at  10  nun  | 

1.4293 

i 

67.51 

67.97 

10 

N-Decyl  alcohol 

Iso-(C^,),NCHPCioHm* 

72.41 

160-161  i  0.8238 
at  7  mm  i 

1.4330 

1 

1 

94.50 

95.68 

Notes.  Literature  data  for  ether  of  experiment  1: 

b.p.  172 

- 173*  at  756  mm; 

for  ethen  experiment  2: 

b.p.  165*  at  760  mm.  Ethers  of  experiments  7  and  9  were  also  obtained  by  the  reaction  of  dietbylamint; 

paraformaldehyde,  and  the  corresponding  alcohol; 
and  1 4292.  respectively. 

t>.p.  152  at  10  mm,and  111- 

-112  at  10  mm; 

nj  1.5260 

Dlethylamlpomethyl-N-hexyl  Ether  (V) 

a)  51  g  cf  n-hexyl  alcohol  (b.p.  157-158*),  15  g  of  freshly  distilled  dlethylamlnoinethylethyl  ether  (IV) 
(b.p.  132-134*)  v/ere  placed  into  a  flask,  and  the  mixture  was  heated  until  the  appearance  of  an  ethyl  alcohol  dis¬ 
tillate  (130*).  57  g  more  of  (IV)  was  added  at  this  temperature,  at  such  a  rate  that  the  temperature  of  the  distilling 
vapors  did  not  exceed  78  -80*  (in  order  to  avoid  the  distillation  of  (IV)  with  the  vapors  of  the  ethyl  alcohol).  At 
the  end  of  the  addition  of  (IV),  the  mixture  was  heated  within  30  minutes  up  to  145*  and  kept  at  this  temperature 
until  the  distillation  of  ethyl  alcohol  stopped  (about  2  hours).  16.2  g  of  a  distillate  was  obtained  which  conisted 
of  ethyl  alcohol  with  a  small  conumination  of  a  nitrogenxontainlng  compound  (nitrogen  content  0.9^).  (V)  was 
Isolated  after  fractional  distillation  of  the  reaction  mixture  (71  gt  yield  76^). 

B.p.  90-91*  at  10  mm;  dg  0.8201;  n^  1.4260;  MRd  58.53;  calculated  58.74. 

3.428.  3.740  mg  substance:  8.822.  9.656  mg  CO,;  4.110,  4.424  mg  Hp.  0.2415.  0.2346  g  substance; 

13.0,  12.84  ml  0.1  N  Ha.  Found  0  70.23,70.46;  H  13.41,  13.24;  N  7.54.  7.67.  CuH,pN.  Calculated 
C  70.53;  H  13.45;  N  7.48. 

The  diethylaminomethyl-n-hexyl  ether  (V)  obtained  by  the  reaction  of  diethylamine,  paraformaldehyde, 
and  n-hexyl  alcohol,  had  the  following  contanu;  b.p.  91-92*  at  10  mm;  d"  0.8205;  n^  1.4259. 

b)  20.5  g  of  diethylaminomethylmethyl  ether  (b.p.  114-115^  was  added  to  a  mixture  of  20.4  g  of 
n-hexylakohol  and  5.2  g  of  the  former  at  130 -135* over  a  period  of  1  hour.  The  reaction  mixture  was  then 
heated  for  1  hour  and  30  minutes  at  140*  until  the  distillation  of  methyl  alcohol  stopped.  The  temperature  of  the 
distilling  vapors  was  65  -  66*  (weight  of  the  distillate  5.75  g;  nitrogen  content  1.55^).  Diethylaminomethyl-n- 

hexyl  ether  (28.35  g;  yield,  75.8^)  with  b.p;  92*  at  10  mm  was  isolated  by  fractional  distillation  of  the  reaction 
mixture. 


*^®^ig3aied  by  a  star  are  new  compourxls. 
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The  experiaaeats  on  the  alcoholyUi 
xeaciion  of  dieihylamiaorcethylethyl  ethej 
with  alcohols  of  vaiious  stroctixe  (experi- 
raent*  1  -9)  are  given  in  the  table;  expeti* 
mem  10  was  conducted  with  diisobutylamloo> 
methyl  ether. 

Transetherification  of  Diethylam- 
inomethyl-n-hexyl  Ether  (V)  and 
Diisobutylaminoraethyl  Ethyl  Ether 
(VI) 

a)  Transetherlfication  at  175  -  200*. 

A  mixture  ccasutiTg  of  ?3  S  g  of  (V)  and  10  g 
of  (VQ  wss  bvated  ictil  the  ai^atance  of  a 
dlstllUte  (170 -174*),  and  25.7  g  more  trf  (V^ 
was  added  at  this  temperature  over  a  one  hour 
period.  At  the  end  of  the  addition  of  (VI),  the 
temperature  of  the  reaction  mlxtise  was  raised 
to  200*  and  kept  there  for  1  horn  cotil  the  dis¬ 
tillation  stopped.  The  temperature  of  the  dis- 
.  ;!ling  vapors  was  64  -  78*.  The  following 
were  isolated  upon  the  redlstillationof  the  dis¬ 
tillate  obtained  (15.3  g)  through  a  laboratory 
rectification  column:  1)  ethyl  alcohol  (7.1  g), 
b.r.  77  -  78*1  it  was  identified  as  the  niuo- 
benzeate  with  fn<P*  56~56  5* from  methyl  alcohol;  2)  dlethylaminoinethylethyl  ether  (IV)  (3.7  g). 

B.p.  13?  -  134*1  df  0.8090;  nj  1.4110;  KlKjj  40.24;  calculated  40.26. 

0.186?i  0,1739  g  substance:  14.05,  13.29  ml  O.IN  HO.  Found  N  10.63,  10.71.  Cakulated5>: 

N  10.68. 

The  ifeAQllon  mixture  was  a  dark -colored,  lively  liquid  in  external  appearance,  item  which  diisobotylamiiH}- 
mcthylhexyi  ether  (Vn)  (22.7  g:  yield,  S2.46F!^)  was  obtained  upon  two  fractional  vacuum  distillations, 

B.P.  133.4 -133. 6* at  12  mm;  df  0.8188;  n*  1.4363;  77.77;  calculated  77.21 

3.3d3|  3.326  mg  substance;  9.150,  9.580  mg  COj;  3.984^  4.240  mg  H^.  0.3066,  0.3197  g  substance: 

13.22,  14.02  ml  O.INHCL  Found  r  *  .-74.24.  74.16;  H  13.27  13.46  N  6.04.  6.14.  C^HaPN.  Calculated  5»: 

C  74.01;  H  13,65  N5.76. 

b)  Tf  AWetherlflcatlon  at  13L  i.  i.t.ure  of  20  g  of  (V)  and  20  g  of  (VI)  (equimolecular  amounts)  was  heated 
In  a  sealed  lube  for  75  hours  in  the  va.oors  ol  JUig  terrene.  No  pressiae  was  aetectel  upon  opeolug  the  tube.  In 
contrast  to  eaperfrnent  (a),  the  react*  o  mixiuie  ycllowei  slightly.  FractI— lu*  Isiill.airn  r- »hs,  was  cLected 

at  a  tempetAlure  not  higher  toa;>  132*  in  mass. 

(IV)  (4  Ik  yieU  28.ff?l»)  was  isolated  -  m  the  fust  frac-  '  ’hicb  was  collar  \'i  -t  ’  j?  r..n  artur  redU- 
tUlatioo. 

df  0.8088;  nj  1.4069;  Miy  ‘ 7;  r^lcnlated  40.26. 

0. 19  111  0,2350  g  suk^ai' '  .5.1"  J.  79  ml  0.1  N  HQ.  Found  N  11.1, 11.2.  C^jgOR  Cakulated  5*: 

10.68. 

Then  several  intermediate  frictions  were  isolated  which  were  a  mixture  of  staalng  and  final  reaction  prod¬ 
ucts  according  lo  the  nitrogen  content  and  boiling  poiiu.  The  last  fraction  was  (V'll)  (5.9  g;  yield  22.7^). 

B.P.  130 -133*  at  12  mm;  df  0.8187;  nj  1.4310;  76.97;  calculated  77 

0.1501,  0.1519  g  substance;  6.31.  6.45  ml  0.1  N  HCL  Found  ^  N  5.89.  5.95.  CaHjPN.  Calculated^: 
N5.76. 

li 


Alcoholysis  of  PUlHyluninomethyUlkyl  ahers  (I)  -  (continued) 


D i a  1  k y  1  s m j notneihylalkyl  ether 
Ele_ 


1  Found 

Calculated 

c 

H 

N 

C 

1  «  ' 

N 

67.67,  67.92 

13,15.  12.91 

8.73,  8.73 

67.87 

r - 

13L29 

8.79 

67.54.  67.68 

13,21,  IS.Ol 

8.91,  3.98 

67.37 

13.29 

8.79 

Sc  51.  5.48 

5.75 

74.26,  74.09 

10,00.  9.87 

7.06.  7.04 

74.56 

9.91 

7.23 

64.71.  64.91 

19. 0<  12.27 

7.15.  7.12 

64.98 

12.39 

6.89 

70.29,  70.38 

9.15,  9.36 

6.30.  6.24 

69.91 

9.48 

6.27 

77.08,  77.00 

9.32.  9.63 

6.32,  6.33 

76.68 

9.66 

6.39 

•  71.31.  71.35 

1 

18,64,  12.88 

7.57.  7.66 

71.29 

12.51 

7,56 

1 72.40,  72.2? 

1 

13  46.  13.63 

6.42,  C.n7 

72.49  J 

13.57 

6.5J 

[76.30.  76,13 

13.54.  13.45  j4.50.  4.48 

76.18  j 

13.80 

4.68 

DlisobiJtyUminomethylhexyl  ctbei  (Vn).  obrtlned  by  Um;  reaction  of  n-hexyl  nkohol,  dllsobntyUminc,  and 
paraformaldehyde,  had  the  followlps  constants: 

B.p.  133-J34*at  12nun»  df0.8178j  nj  1.4S60i^  MRjj  77.82. 

SUMMARY 

1.  The  analogy  between  the  sfoctiires  of  dialkylamlnomethylalkyl  ethers  (0  and  formals  was  pointed  oi£  and 
It  was  shown  that  a  substltiaioo  of  the  lighter  alkoxyltesidue  by  a  heavier  one  occurred  by  the  action  of  primary 
and  secondary  alcohols  upon  (Q. 

2.  Tbe  ability  of  dlalkylamlnomethylaUcyl  ethers  to  undergo  alkoxyl  radical  exchange  reactions  was  shown. 

3.  A  series  oi  new  dialkylamlnomethylalkyl  ethers  was  synthesized. 
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REACTION  OF  CARBON  TETRACHLORIDE  WITH  ETHTL  ALCOHOL 
G.  A.  RazuTaev  and  Tu.  A.  Soiokin 

The  tobstitutioQ  of  chlorine  by  hydrogen  during  the  reaction  of  CCI4  with  organic  compounds  has  been 
little  studied  as  yet.  Such  reactions  proceed  mainly  in  the  presence  of  peroxides  and  have  a  chain  character. 
Tha^in  the  case  of  the  addition  of  CCl^  initiated  by  acetyl  peroxide  or  benzoyl  peroxide,  to  olefins,  in  addi¬ 
tion  to  heat  polymerization,  a  concurrent  process  occurs  which  breaks  the  chain  by  means  of  the  removal  of  a 
hydrogen  fico?  the  a<carbon  atom  by  a  CCI4  radical  with  the  fornution  of  a  poorly  active  allyl  type  radical 
which  is  incapable  of  prolonging  the  chato,  chV-nfonn  [IJ. 

RCHj-ch-c::*  *  cc»;  '  rnc’ij  +  pra-cv  -  ch* 

Thi  substitution  of  chlorine  »  ■’lyoroeu.  ’^o  occurs  ihc  .  ,•  g  of  saturated  hydrocarbons  with  CCI4 
in  the  presence  of  benzoyl  perox*^*-.  c:  teritary  Ok  tv!  peroxide.  *1.  ,,  r  gea  of  a  t^iary  carbon  atom  is  *he 

most  active,  and  then  that  of  tlie  secoedaxy  [?  | 

(GH^^H  ♦  CCli -^CHCl,  ♦  (CH,)^* , 

(CH,)^*  ♦  cci4-->  (CH,)^a  ♦  cai 

CH,(CH,)^H^H,  ♦  ca;  CHCl*  +  CHj(CH,)/:HCH> 

CH^CH,)^  HCH,  ♦  CCI4  CH:(CHjtCHClCH,  ♦  CQ;  . 

However,  during  the  reaction  of  CCl^with  polychlorides  (tetrachloroethsneaod  trichloroethane)  at  higb« 
temperature  (dOC*),  the  latter  are  only  dehydrogenated  by  atomic  chlorine,  while  the  CC1|  radicals  dimerize  into 
hnx»cbloroethane 

c-k:i/:hc’,  .  *4  cci4=ca,  +  2HCi +c/n4. 

The  formation  of  chloroiorm  ocevrs  during  the  beating  of  CCI4  with  aldehydea  which  are  transftvmed  imo 
acid  chMixidesL  The  reaction  procce*!?  i  cf  peroxides.  The  radicals  obtained  by  the  decomposition 

of  peroxides,  remove  hydrogen  fror*  the  V  *  '<  to  give  acyl  radicals  which  react  further  with  CCl^  There¬ 
fore  1  .'•■haln  pruc<^  Is  created  [4). 

CjHdCOO*  ♦  RCHO  .  >0H  +  RC*0 

RC=o  +  cc!^ Rccxn  ♦  ceni. 

RCHO  +  ca*  CHCly  ♦  RC=G.  etc. 

A  reaction  occurs  between  CCl4and  methanol  in  the  absence  of  peroxides  on  heating  the  components  to 
200t  with  the  formation  of  chlccoform.  This  corresponds  to  the  following  summary  eqaationi 

Cei4  +  CHpH  CHa»  ♦  HCl  ♦  CHfi. 

Tnen  secondary  processes  proceed  with  the  formation  chloride  as  a  result  of  the  reaction  of  hy¬ 

drogen  chloride  with  methanol,  and  methylaL  because  of  the  reaction  of  formaldehyde  with  methanol  in  the 
presence  of  1K:L 

The  direction  of  the  reaction  changes  by  the  ultraviolet  Ulumination  of  a  mixture  of  CCI4  and  methanol; 
the  CClj  radicals  dimerize  to  hexachloroethane;  chloroform  is  not  found  in  the  reactioo  producu.  The  process 
oc'  un  a  wording  to  the  summary  equation  [5); 

CHjOH  ♦  2CCI4  CHfi  *  C^4  ♦  2HCL 

.  y  —  to  be  of  interest  to  continue  the  Investigation  of  the  reaction  of  CCI4  with  alcohols.  Dhyl 
alcchol  was  used  for  this  purpose,  and  it  r  sacted  with  CCI4  In  an  analogous -manner.  The  separatlwi  of  the 
react*,  t  mixture  into  tw3  layers  occurred  during  the  thermal  reaction  after  heating  the  components  to  200  . 

The  .  queous  layer  c»»i*iained  alcohol  and  HCl.  The  noo-aqncous  layer  consisted  of  a  mlxtiae  of  chloroform. 


ethyl  chloride,  ethyl  ether,  paraldehyde,  aixi  unreacted  CC^and  alcohol. 

On  the  bask  of  the  laoducu  obtained.  It  could  be  concluded  that  the  ptiiaary  process  U  the  dehydrogenation 
of  alcohol,  which  occurs  according  to  the  equation: 

CH^HpH  ♦  CCI4  HQ  ♦  CHpHO  ♦  CHa». 

Then  sccwidary  paocesses  proceed:  ethyl  chloride  is  formed  by  the  reaction  of  HCl  with  alcohol  which  then 
gives  ethyl  ether  with  alcohoL  Acetaldehyde  polymerizes  into  paraldehyde. 

The  course  of  the  photcaeactlon  of  CCI4  with  ethyl  alcohol  is  different:  the  dehydrogenation  of  alcohol 
also  occurs,  but  only  by  the  action  of  chlorine.  The  CCl,  radicals  do  not  remove  a  hydiogen,but  dimerize  into 
hexachloroethane.  The  summary  reaction  has  the  following  form: 

CppH  =  2004  CHpHO  ♦  2Ha  ♦  Cpi^ 

The  hydrogen  chloride  does  not  react  with  the  alcohol  under  the  given  conditions,  and  the  above  mentioned 
side  reactions  do  not  occur. 

In  order  to  prove  the  different  courses  of  the  thermo-and  the  phototeactions,  the  reaction  between  hexachloio- 
ethane  and  alcohol  was  stuiied.  It  could  be  sui^KJsed  that  hexachloroethane. dissociating  Into  two  CCI4  radicals, 
would  give  chloroform  on  heatlrs  with  alcohol.  In  this  case,  it  could  be  considered  that  courses  of  the  photo-  and 
thermos  action  would  be  Identical  In  the  initial  stage.  However,  the  experiments  conducted  showed  that  the 
dehydrogenation  of  alcohol  occurred  by  means  of  two  cleaving  chlorine  atoms  during  the  heating  of  alcohol  with 
hexachloroethane  Hexachloroethane  is  converted  into  perchloroethylene.  The  primary  process  can  be  represented 
as  follows: 

CHpnpH  -r  Cpi,  CHPHO  ♦  CPI4  ♦  2HCL 

Then  follow  the  processes  given  above,  the  formation  of  ethyl  chloride,  ether,  and  paraldehyde  The  reac¬ 
tion  occurs  at  highettemperaturesand  is  accompanied  by  a  considerable  tarring. 

The  thermal  reaction  between  CCl4and  alcohol  is  accelerated  by  the  addition  of  a  small  amount  of  met- 
curie  chloride, which  Is  transf<Srmed  into  meicurous  chloride.  In  the  end.  the  same  products  are  obtained  as  With¬ 
out  the  addition  of  meicurlc  chloride. 


EXPERIMENTAL 

Thermal  reaction  of  CCI4  with  ethyl  alcohol.  16  ml  of  CCI4 (0.17  mole;)  and  20  ml  ol 99^ 
ethyl  alcohol  (0.34  mole  )  were  heated  in  a  sealed  tube  for  15  hours  at  200*.  The  reaction  mixture  separated  into  two 
layers,  an  aqueous  (upper)  and  a  non-aqueous.  Products  from  two  expetiments  were  used  for  the  investigation.  The  tid)e4 
cooled  by  a  mixture  of  ice  and  salt,  were  opened  and  their  contents  processed.  8.4  g  of  an  aqueous  and  74.2  g  of  a 
non-aqueous  part  were  obtained.  The  aqueous  part  was  a  colorless  liquid  with  a  pleasant  odor, which  yellowed 
upon  prolonged  standing.  It  had  an  acid  reaction  to  Congo,  the  non-aqueous  part  was  a  mobile.datk raspberry 
colored  liquid  with  a  specific  ethereal  odor.  7.9  g  was  washed  out  by  three  tteatmenu  with  small  pcrtioiu  of 
Ice  water.  The  'wash  waters  were  combined  with  the  aqueous  portion,  the  amount  of  HCl  determined  by  titration 
(0.06  g).  and  the  free  aceuldehyde  precipitated  wUhdimedon  (0.8  g:  melting  point  of  the  derivative,  140*5  no 
depression  in  mixed  melting  point).  The  non-aqueous  pan  was  separated  into  two  ponions  by  distillation:  L 
52.7  g,  upto  68*5  n,  13.3  g.^  residue. 

The  condensate  was  dried  and  fractionated  through  an  effective  distilling  column.  A  trap  cooled  with  n 
mixture  of  drjr  ice  and  toluene  was  connected  to  the  receiver  of  the  column.  The  following  fractions  were 
obtained:  1 -6.4  g  to  25*  (In  trap);  2 -3.8  g,  25.0-41.5*;  3-7.5  g.  41.5-62.2*;  4 -30.8  g.  62.0-77.0*5 
residue  2.1  g. 

Fraction  1  was  ethyl  chloride  containing  traces  of  aceuldehyde.  The  ethyl  chloride  was  identified  by  con¬ 
version  into  ethyl  mercuric  chloride  with  m.p.  191.5*.  The  acetaldehyde,  washed  out  with  ice  water,  was  identi¬ 
fied  as  thedimedon  derivative. 

Fraction  2  was  distilled,  whereby  3.1  g  of  ethyl  ether  was  collected  at  34.1—35.0*.. 

6.7  g  of  chloroform  boUing  at  59.2-62.0*;  d?  L481;  n"  1.440;  MR  21.26;  calculated  21.40,  was  IsoUted 
from  fraction  3  after  a  supplementary  drying  with  calcium  chloride  aral  distillation  over  Pp*. 

Fraction  4  was  disiiUed  over  ppg.  29.6  g  of  a  condensate  boUing  at  65.6  -  77.0*  was  obtained,  a  mixture 
on  taming  mainly  CCI4  Fhe  residue  (13.5  g)  was  distilled,  first  at  atmospheric  pressure,  and  then  In  vacuum. 
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The  following  fractions  were  obtained :  1-7.5  g.  68-Q8*.  2  -3.2  g.  65^5*  (at  18  mm),  residue.  2.8  g.  a  solid 
glass-like.dark  brown  mas% readily  soluble  In  acetone.  FracUon  1  was  a  mixture  of  paraldehyde  and  CCl^whlck 
was  ptored  by  the  preparation  of  aceuldehyde-2.4-dlnitrophenylhydra2onc  with  m.p.  167.5*.  Fraction  2  was  a 
straw* yellow  viscous  liquid  which  decolorized  bromine  water;  it  was  not  investigated  futthex. 

The  reaction  of  CX^with  alcohol  in  the  presence  of  mere  uric  chloride  was  effected  with  the  same  «mnnnt. 
of  components.  1  g  of  mercuric  chloride  was  used  for  each  tube.  The  heating  time  (at  200*)  was  15  hours.  The 
reaction  tnixtive  also  separated  into  two  layers,  and  a  friable  piecipiute  of  mercurous  chloride  crysttla  formed 
on  the  bottom  of  the  tube  (98^  based  on  the  mercuric  chloride  used).  0.1  g  of  HCl  was  found  by  the  combined 
titration  of  the  aqueous  part  and  the  wash  water  (frcm  both  tubes).  Acetaldehyde  was  identified  as  the  2.4-dlnltio* 
phenyDrydrazone  (m.p.  14?^.  The  subsequent  processing  of  the  non-aqueous  part  was  effected  in  the  same  fn«nfi#»r  u 
in  the  previous  exp«lmenu.  7.2  g  of  chloroform  (b.p.  59.2-61.4*)  d"  1.478;  n"  1.450;  MR  21.60.  calculated 
21.40).  5  g  of  ethyl  chloride  (identified  as  in  the  previous  manner),  tnd  3.5  g  of  ethyl  ether  (34.0  -  34.4*)  werc 
obtained. 

Photochemical  reaction  of  CCl^  with  ethyl  alcohol.  16  ml  of  004  and  20  ml  of 
ethyl  alcohol  were  illuminated  in  q  quaru  apparatus  by  the  light  of  a  raercuryquanz  lamp  for  520  hours.  A 
trap  containing  alkali  was  fitted  on:  a  glass  bolder  with  the  apparatus.  The  reaction  mixtnre  started  to  separate 
into  two  layers  after  approximately  56  hourn.  The  boundary  of  the  lower  layer  rose  and  then  remained  at  the 
same  level  (cooespondlng  to  a  volume  of  10.1  *»1  for  the  lower  layer!.  TK.  brown  colored  reaction  mixture  was 
washed  with  water,  and  the  aqueou^  layer  was  separated.  4.8  g  of  HCl  uas  found  by  titration.  In  the  trap  and  la 
the  aqueous  layer,  which  corresponded  to  78.67»  based  on  the  CQ4Used  for  the  reaction.  Acetaldehyde  was  pre¬ 
cipitated  in  the  form  of  the  dimedon  derivative  with  tn.p.  140*  (0.5  g).  After  careful  distillation  of  the  carbon 
tetrachloride  fiom  the  non*aqueous  part,  3.1  g  of  hexachbroethane  was  Isolated.  The  sublimed  product  melted 
at  185*  (closed  capillary). 

Thermal  reaction  of  hexachlotoethane  with  ethyl  alcohol.  15  g of  (0.06  mole) 
and  30  ml  of  98^  ethyl  alcohol  (0.51  mole  )  were  heated  in  a  sealed  tube  for  24  hours  at  220*.  The  reaction 
mixture  taned  badly  and  separated  into  two  layen.  Material  from  two  tubes  was  used  for  the  investigation, 
which  was  then  processed  as  given  above.  The  amount  of  HCl  (0.4  g)  was  determined  by  titration  the  aque¬ 
ous  layer  (16.5  ml)  and  the  wash  water  Acetaldehyde  was  identified  as  the  2.4<ilnitropheaylhydrazone  (m.p. 

168*).  The  rron-aqueous  part  of  the  reaction  mixture  (55.2  g)  was  separated  from  the  tarry  products  (3.1  g)  by 
distillation  to  146*1  the  cohdensate  was  dried  with  calcium  chloride,  and  fractionated  through  an  effective  lab¬ 
oratory  colunm.  lire  following  fractions  were  obtained:  1  —  7.5  g.  to  34* (in  trap);  2  “2.2  g,  34.0-34.6*1 
3-20.3  g,  34.6-98.5*;  4  -  18.5  g.  98.5-145.0*;  residue  3.5  g. 

Fraction  1  was  ethyl  chloride  with  Impurities  of  acetaldehyde. 

Fraction  2  was  ethyl  ether.  * 

Fractions  3  and  4  combined  were  treated  with  seveul  drops  of  concentrated  sulfuric  acid  with  slight  heat¬ 
ing;  the  black  aldehydic  maa  formed  was  discarded,  and  perchlotoethylene  (6  ml)  was  collected  upon  redlstilla- 
tion  through  a  small  effective  column  at  120.1—120.5*. 

df  1.625;  n*  1.501;  MR  30.05;  Cfl^i  calculated  30.39. 

SUMMARY 

1.  Aceuldehyde,  chloroform,  and  HCl  were  obulned  upon  heating  carbon  tetrachloride  with  ethyl  alcoboL 
The  reactloc  was  accompanied  by  the  subsequent  processes  forming  ethyl  chloride,  ethyl  ether,  paraldehyde,  and 
other  producUL 

2.  The  photoieactloQ  between  the  same  components  proceeded  in  another  direction.  The  alcohrd  was  de- 
hydrpgenated  to  acetaldehyde  by  one  chlorlirc  atom  of  the  CCl4.wlrh  iIk  formatloc  of  hydrogen  chloride.  The 
CCI4  tadleals  were  dimerized  to  hexachlotoethane. 

3.  Hexachlotoethane  was  not  an  IntermedUic  product  of  the  thermal  reaction  of  CCl4Wlth  alcoboLsince 
perchlotoethylene,  HCL  and  acetaldehyde  was  formed  upon  heating  C^lg  vrixh  etbanoL 
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NITRATION  OF  1-PROPTLNAPHTHALENE  AND  4-NITRO-1-PROPTLNA?KTHALENEs 
4-AMINO-I-PROPTLNAPHTHALENE  and  several  DERIVATIVES 


S.  I.  Serglerskaya  and  G.  Ta.  Uietskaya 

The  nlttatlon  scsctlou  of  l-propylnaphthalene  and  Its  niuo-  and  amino-  deiivatives  was  first  investigated 
In  this  study.  A  deullcd  report  on  the  method  for  the  preparation  of  1-ptopylnaphthalene  by  the  hydrogenation 
of  1-allylnaphihalene  In  the  pre5ence  of  platinum  black  is  given  In  R.  Ya.  Uvina  and  coworkers’  paper  [1). 

In  addition,  the  hydrogenation  of  1-allylnaphthalene  with  a  nickel  catalyst  [2]  at  high  pressure  has  been  reported 
in  the  literature.  This  hydrocarbon  was  now  hydrogenated  In  the  presence  of  Raney  nickel  without  the  use  of  high 
pressures. 

The  nitration  of  l-propylnajdithalenc  was  effected  with  nitric  acid  of  variom  concenuations,  without  solvent, 
or  in  glacial  acetic  acid  solution. 

The  best  results  were  obtained  by  nitrating  with  nitric  acid  (d  1.40)  without  a  solvent  at  40*.  In  this  case,  a 
liquid  mixture  (yield  30^)  was  obtained  after  nit  ration,  from  which  crystalline  4-aitrO'l-piopylnaphtbalene  could 
be  isolated  in  a  yield  of  399>.  The  position  of  the  nitio  group  in  it  was  proved  by  oxidation  with  nitric  acid  in 
a  sealed  tube  as  a  result  of  which  4*aitro-l-naphthoic  acid  was  formed 

After  the  separation  of  the  crystalline  4-nitro-l*ptopylnaphthalene  (see  the  experimental  section),  a  liquid 
substance  wf*h  a  higher  boiling  poim  remained:  upon  investigation,  it  was  shown  that  it  was  a  mixture  of  mono- 
nitxopropylnaphthalenes. 

4-Nitro*l*propylnaphthaleoe  was  converted  into  4-amino-l-propylnpahthalene  upon  catalytic  reduction  with 
hydrogen  in  the  presence  of  Raney  nickel:  acyl  derivatives  and  several  other  compounds  ol  imerest  for  pharma¬ 
cological  investigation  were  obtained  from  this  compound. 

EXPERIMENTAL 
1 -A  Ilyina phthalene 

The  preparation  of  l-allylruphthalene  from  naphthyl  magnesium  bromide  and  allyl  bromide  was  reported  by 
Fieser  and  Herschberg  f3J:  these  investigators  recommended  the  addition  of  the  Grigcard  reagent  to  the  allyl  bro- 
mide.which  requites  a  special  apparatis.  The  order  of  addition  of  the  reactant  was  changed. 

207.2  g  of  l-bromonapbthalene  in  400  ml  of  absolixe  ether  was  added  to  25  g  of  magnesium  and  heated  for 
2  —  3  hours.  Upon  cooling  to  room  tempeiatixe.  100  ml  of  benzene  and  121  g  of  allyl  bromide  In  200  ml  of  absolute 
benzene  was  added,  and  the  mixture  was  heated  for  2.5  hours  more.  After  treatment  of  the  teaction  mixture  with 
hydrochloric  acid,  the  benzene  ether  layer  was  washed  with  water,  then  with  a  sodium  hydroxide  solution,  once 
more  with  water,  and  dried  with  cakiion  chloride.  After  removal  of  the  solvents,  the  subsunce  remaining  was 
vacuum  distilled.  102.6  g  (60^  of  the  theoretical)  of  l-allylnaphthalene  with  b.p.  134 -135* at  11  mm  was  ob¬ 
tained. 

1 -Propyl  naphthalene 

A  solution  of  25  g  of  1-allylnaphthalene  in  150  ml  of  96*^  ethyl  alcohol  and  5.5  g  of  nickel  catalyst  in  20 
ml  of  ediyl  alcohol  was  shaken  in  an  atmosphere  of  hydrogen.  Upon  completion  of  the  reaction,  the  porificailon 
of  l-propylnaphihalene  was  effected  by  the  method  of  R.  Ya  Icvlna  and  cowoxkers  £1].  The  yield  of  l-|xopyl- 
naphihalene  With  b,p.  119- 120*  at  17  ram  was  23.5  g  (93f?»  of  the  theoretical).  After  redistillaiion  over  sodivni. 
b.p.  134.5* at  11.5  mm;  d*  1.9904;  n"  1.5928. 

4-Nltro-l  -propylna  phthalene 

1)  62  nff  of  nitric  acid  (d  1.40)  was  added  at  40*  over  one  hour  to  30.9  g  of  l-propylnaphihalenc.  After  the' 
addition  of  the  acid,  the  mi«'.xe  was  stirred  for  20-30  minutes  more,  and  then  poured  into  water.  The  acidic  solu¬ 
tion  was  extracted  with  ether.  The  ether  soiation  was  washed  with  sodium  carbonate  solaron.  then  with  water. 
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and  dried  with  calcium  chloride.  The  ether  was  remoted,  and  substance  remaining  was  vacuum  distilled.  The 
s>i)stance  came  over  at  159  -161*  at  2  mm.  Yield.  3L3  g  (80fS>).  A  dark  Uiry  substance  was  In  the  rcsidn^. 

After  many  redistillations  of  the  substar^e  with  b.p.  139  “  161*  at  2  mm,  a  substance  with  b.p.  143  — 144“ 
at  1.5  mm  was  collected.  Yield  14.5  g.  ^ 

5.030  mg  substance;  0.234  ml  N,  (25.5*.  734.0  mm).  3.141’ mg  subsunefc;  8.359  mg  CO|?  1.793  mg  Hfi. 

Found  *>»:  N  6.46;  C  72.57;  H  6.39.  CuH,p,N.  CalcuUted  N  6.51;  C  72.54;  H  6.09. 

The  substance  with  b.p.  143  *144*  at  1.5  mm  partiaUy  crystallized  several  hours  after  dmUUtlon;  It  was 
dissolved  in  peuoleum  ether,  and  the  soliaion  was  cooled;  a  solid  nitropropylnaphihalene  crystallized  upon 
scratching.  A  substance  with  m.p.  33  -35*  was  obuined  after  washing  wUh  cold  petroleu-m  ether  on  the  funnel. 

The  substance  with  m.p.  33  —  36*  was  vacuum  distilled  in  ruder  to  determine  its  boiling  point;  b.p.  145.5* at  1.5 
mm.  For  analysis,  the  substance  with  m.p.  33  -35*  was  recryuaUized  from  petroleum  ether;  a  light  yellow 
crystallioe  substance  with  m.p.  34  -  35*  was  obtained;  the  substance  was  soluble  in  petroleum  cthe^  alcohol  and 
other  organic  solvents. 

7.385  mg  substance;  0.433  ml  N,  (21,0*,  732.5  mm).  (K700  mg  subsunce;  0.381  ml  Ns(18.0 , 720.0  mm). 

4.481  mg  substance;  1.910  mg  CO^  2.437  mg  Kfi.  Found  1o‘:  N  6.56,  6.32;  C  72.48;  H  6.08.  Cj^xP^ 

Calculated  It;  N  6.51;  C  72.54;  H  6.09. 

2)  The  nitration  and  subsequent  processing  of  the  product  of  the  nitration  of  40.9  g  of  1-propylruphtbalene 
was  effected  as  in  the  previous  experiment.  A  substance  with  b.p.  164  —  169*  at  3  mm  was  obtained.  Yield  42.3  g 
(82.6^).  42.3  f  of  the  liquid  reaction  product  was  dissolved  in  alcohol.  Upon  coolirtg  the  solution  and  scratching, 
a  crystallme  substance  formed.  After  recrysuUization  from  petroleum  ether,  15.4  g  {ZOje  ci  the  theoretical:  40^ 
of  the  total  miiaure  of  nittopropyinaphthalenes)  of  a  subsunce  with  m.p.  33  -  35*  was  obtained.  The  alcohol  was 
distiUed  off  fto.'n  the  mother  liquor  remaining  after  the  removal  of  the  subsunce  which  crystallized  upon  cooling 
the  alcoholic  solution.  The  substance  remaining  was  vacuum  distilled;  It  was  separated  imo  two  fractioiu:  1  — 

153-156!  at  2  mm  and  2  - 164-166*  at  2  mm.  No  solid  nitro  compound  could  be  formed  upon  dissolving  each  of 
the  fraaions  In  petroleum  ether  and  cooling. 

Upon  Investigation  of  all  of  the  petroleom  ether  mother  liquor  ffom  the  two  experiments.  4-aitro-l-piopyl- 
luphthalene  and  a  liquid  substance  with  b.p.  153  —  154*  at  2  mm;  n^  1.6170;  d**  1.677.,  were  Isolated  in  small  amoosu. 

10.433  mg  substance:  0.600  ml  Nt  (25.0*  729.5  mm).  4.299  mg  substance:  11.420  mg  CO^:  2.346  mg 
Hp.  Founi'Jfc;  N6.33;  C  72.45;  H  6.10.  Calculated  5);  N  6.51;  C  72.54;  H  6.09. 

.3  g  cf  the  liquid  substance  with  b.p.  153  —  154* at  2  mm  and  21  ml  of  nitric  acid  (11^)  were  heated  for  7 
hours  at  168  —  173*  in  a  sealed  tube.  A  substance  %rith  a  constant  melting  point  could  not  be  isolated  from  the 
mixture  of  crysulline  ud  tany  substances  formed. 

5.1  g  of  the  SDbsunce  with  b.p.  153 -154*  at  2  ram,  50  ml  of  ethyl  acetate,  and  11  g  of  Raney  nickel  catalyst 
were  shaken  in  an  atmosphere  of  hydrogen.  A  subsunce  with  b.p.  155  - 156*  at  3  mm  was  obtained  at  the  end  o!  the 
reaction  and  usual  prqccssing.  The  acetyl  derivaUve'obtained  from  this  subsunce  melted  at  133.5-135*.  No  de¬ 
pression  was  found  in  a  mixed  melting  point  of  this  substance  and  4'acetylamlno-l-propylnaphthaleoe. 

V 

Oxidation  of  4-nltro-T-pro  pylnaphthalene .  2.8  g  of  4-nitro-l-propylnaphthalene  with  m.p. 

34  -  36’  and  38  ml  of  nitric  acid  (11^)  were  heated  for  6.5  hours  at  168*  and  1  hoir  at  168  -  173*  in  a  sealed 
tube.  4-hhtro-l'naphthoic  acid  with  m.pl  221.5 -6!22.5^was  isolated  upon  piiriflbarion  of  the  substaa6e'fonned. 

Armlxed  meffing  po&tt  H  thft  substafice  ^ifh  4-tutTO-l*napIifholc  acid  obtalnbd'by  another  method  (m.{l.  223- 
223.5*)  showed  no  depression  (m.p.  222-223!).. 


10  g  of  Raney  nickel  caulyst  was  added  to  a  solution  of  10  g  of  4'nltro-l-propylnaphthalene4  ui  a  mixture  of 
50  ml  of  ediyl  acetate  and  80  ml  of  ethyl  alcohol,  and  the  bydtogeiutlon  was  effected.  At  the  completion  of  the. 
reaction,  the  caulyst  was  filtered,  and  the  solvent  removed.  The  subsunce  remaining  was  dissolved  in  ether. 

The  ether  soltslon  was  dried  with  potassium  hydio;cde.  After  removal  of  the  ether,  the  substance  was  vacuum  dis¬ 
tilled  B.p.  172  —175  at  8  — 9  mm.  Yield,  6.85  g  (80%).  Upon  redistillation,  the  substar^e  distilled  completely 
at  154.5*  (3  mm). 

6.449  mg  subftance:  3.40  ml  0.01  N  5.790  mg  substance:  3.00  ml  0.01  N  HpO^  4.596  ing  subMance: 

14.212  mg  CO,;  3.329  mg  Hp.  Found  N  7.33.  7.25;  C  84.39;  H  8.11,  CnH»R  Calcu'ated  N  7.56; 

C  84.24:  H  3.16. 


ctylamino-l-propylnaphthalene.  2.2  ml  of  acetic  anhydride  was  added  to  2.3  g  amino- 
in  1  ml  of  benzene.  The  crysullinc  substance  obtained  meUed  at  133*  after  two  recrystalliza- 
tioa  freea  aqaeous  alcohol:  4-acetylamiro-l-propylDaphthalene  dissolved  in  alcohol,  acetone,  benzene;  It  did 

aoc  diatotre  in  water. 

5.S3S  m*  substance;  0.340  ml  Nj  (28.0*.  728.0  mm).  Found  N6.22.  CaHiPR  Calculated  lb;  N6.16. 

4-Se  ozoyla  mi  no -1 -propyl  naphthalene.  0.49  g  of  benzoyl  chloride  was  added  to  a  solution  of 
0^  get  4-amino-l-propyln3phthalene  and  0.45  g  of  dimethylaniline  on  1C  !nl  dry  benzene,  a  precipitate  formed. 

A  ssiscajce  (0.75  g)  was  obtained  after  the  Usual  processing  which  r.:elted  at  165-166*  after  recrystallization  first 

agaeoos  alcohol  and  then  from  benzene.  The  substance  dissolved  upon  heating  in  benzene,  dissolved  read¬ 
ily  is  alcohol  aod  acetone,  and  did  not  dissolve  In  water. 

0.177  mg  substance:  0.354  ml  N,  (25*.  727.0  mm).  Found ‘jb:  N4.74.  CjoH^ON.  Calculated  *]b:  N4.84. 

Ethyl  ester  of  (1.4-propylnaphthyl)carbamic  acid  CaHtCuHaNHCOOCtHt.  0.45  g  of  ethyl 
chlosccazbooaie  was  added  to  a  solution  of  0.5  g  of  4-amiito-l-fvopylnaphthaleiie  and  0.45  g  of  dimethylaniline  in 
£  ml  ct  abaoltse  benzene,  aod  heated  for  3  hours  at  40  —  50*.  After  the  usual  processing  aiul  many  recrystalliza- 
zjo2s  hoa  petroleum  ether,  a  substance  with  m.p.  69.5-70”,  soluble  in  organic  solvents,  and  insoluble  in  water, 
waa  cfecaiaaed.  * 

€,€98  mg  substance:  2.67  ml  O.IN  HjSO^.  Found  N  5.58.  CuHiP^N.  Calculated  1b:  N  5.45. 

Isopropyl  ester  of  (1.4-propylnaphthyl)carbamlc  acid  CaHTctaHtNHCOOCiH,^so.  0.7 g 
cf  iscprcpylcblciocarbdnate  in  7  ml  of  absoliae  benzene  was  added  to  a  solution  of  0.75  g  of  4<>amino-l-propyln£phtha- 
leseazd  0.7  g  of  dimethylaniline.  The  m.p.  was  105.5  "106.5*  after  recrystallization  of  the  substance  obuined 
from  petroleum  ether.  Long  white  needles  dissolving  readily  in  organic  solvents  and  not  soluble  in  water  were  ob« 
lafacrf. 

9.240  irg  substance:  0.435  ml  Nf  (23.0*.  727.0  mm).  5.130  mg  substance:  0.242  ml  N|  (24.5*,  728.0  ram). 
Fo3a£5^  N  5.19.  5.01.  CxtHuO^N.  Calculated  1b:  NS.16. 

i^ethyl  ester  of  (1, 4-propylnaphthyl)carbamic  acid  CjHTCioHtNHCOOCHa.  0.45  g  of 
msxtjl  chloiocarbonate  was  added  to  a  solution  of  0.5  g  of  4^mino-l-propylnaphthalene  and  0.45  g  of  dimethylaniline 
La  2£  d  of  absolute  benzene.  The  reaction  procedure  and  processing  of  the  substance  was  the  same  as  in  the  previous 
ezperlmems.  Tbe  substance  obtained  melted  at  67 -68*  after  recrystallization  from  petroleum  ether.  Shiny  plate¬ 
lets  Kodily  dissolving  in  organic  solvenu  and  insoluble  in  water  were  obuined. 

7.732  wg  substance:  0.403  ml  (25.0*.  735.0  ram).  3.089  mg  substance:  8.400  mg  CO|;  1.990  mg  Hfi. 
romdV:  N5l77;  C  74.21;  H  7.21.  C,jHip,N.  Calculated  1b:  N5.76;  C  74.06;  H  7.04. 

1.4-Pro?ylnaphthylamlde  of  carbomethoxysulfanilic  acid  CaH^CiaHaNHSOiC^^NHCOOCH^ 
1.5  g  of  carbomethoxysulfanilic  chloride  was  added  to  a  solution  of  1  g  of  4-amino-l-propylnaphihalene  in  10  ml 
of  pyridine  bases,  and  the  solution  heated  on  the  water  bath  for  5  hours  at  55  —60*.  At  the  end  of  the  heating,  the 
sciscjoa  was  ivtued  into  water:  an  oil  separated  which  crystallized  upon  cooling  and  xratching.  1.6  g  with  m.p. 

1*^ — 1S5*  was  obtained.  M.p.  182.5  - 183*  after  two  more  recrystallizations  from  dichloroethane.  A  white  crystal- 
Ixac  sibszxnce.  difficultly  soluble  in  alcohol  and  insoluble  in  water. 

0,1699  g  substance;  0.0906  g  BaSO^  0.1752  g  substance:  0.0919  g  BaSO^  Found  5*:  S  7.97,  7.78,  CuH^Np^ 
Calczlared  ie:  S  8. 02. 

CjHyCiiHcNHSOjCtH^NH,.  1. 4-Ptopy  1  na  phth yl am Ide  of  sulfanilic  acid.  0.55  g  of(l -propyl- 
£.ip£xiTl-4)aniide  of  carbomethoxysulfanilic  acid  and'  10  ml  of  a  13^  solution  of  NaOH  was  heated  for  2  hours. 

coding,  the  reaction  mixture  was  acidified  with  dilute  acetic  acid.  0.4  g  of  a  substance  was  obtained  which 
at  175.5  —176.5*  after  recrystallization  from  alCohoL  The  substance  dissolved  in  alcohol  and  other  organic 
sciTean. 

3.462  lEg  substance:  8.496  irg  COf  1.701  mg  Hp.  3.880  mg  substance:  9.517  mg  COp  1.980  mg  Hp. 
rco^lb:  C  66.97.  66.94:  H  5.82.  5.71.  C^HtPaN^.  Calculated  *>»:  C  67.04:  H  5.92. 

' SUMMARY 

1.  4-ja.»rl-rropyl:»aph.h?lcnc  was  isolated  upon  nitration  of  1-propylnapbihalene;  its  structure  was  proved. 

2.  4-Ammc-l-propylnaphihalene.  its  acyl  and  other  derivatives  were  obuined. 
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INVESTIJATIONS  op  hydroxyfuchsone  dyes 
XVII.  CONDENSATION  OF  ISOMERIC  NITROBEN2  A  LPEHYDES  WITH  GUAIACOL 

I.  S.  Ioffe  end  B.  G.  Belenky 

Mtro  derivatives  of  hydioxyfuchsones  have  scarcely  been  studied.  Only  in  one  patent  [1]  is  the  peepatation 
of  3”-nitic-3k3*-dimethoxy-4-hydroxyfuchsone  hydrochloride  (1)  reported;  howevex,  this  dye  was  tsot  isolated  in  the 
free  state  by  the  authors  of  the  patent. 

The  condensation  of  isomeric  o-,  m-,  and  p-niirobenzaldehyde  with guaiacol was  conducted  under  condition 
used  in  the  authors'  laboratory  [2]  for  the  preparation  of  various  hydroxyfuchsones  which  consisted  of  the  satiaatioo 
of  a  mixture  of  the  aldehyde  and  phenol  with  dry  hydrogen  chloride^followed  by  allowing  this  mixture  to  stand  at 
room  temperature. 

The  corresponding  triphenylmethane  derivatives  were  obtained  by  the  condensation  of  m-aitrobenzaldehyde 
and  p-nitrobenzaldehyde  withguaiacdfrom  which  3"-nlfrO'3,3'-dimethoxy-4-hydroxyfuchsone  (I)  and  4''-iiitro^3*- 
dimethoxy-4-hydroxyfuchsone  (II)  were  obtained  in  the  form  of  the  hydrochlorides  by  oxidation  with  niuous  oxide 
in  amyl  acetate  saturated  with  hydrogen  chloride  (2), 


i  1 . 


HO  V 


/V° 


A  \  y  . 

CHp  C  '  OCH, 


NO, 


These  dyes  formed,  in  a  manner  similar  to  the  parent  substance  of  this  group,  benzaurin,  hydrate  fornu  by 
the  hydrolysis  of  their  salts,  which  firmly  retained  water,  in  order  to  obtain  these  dyes  in  the  anhydro-forms.  a 
method  was  used  which  was  applied  in  the  authors'  laljoratory  [3]  for  the  preparation  of  methoxyfuctsonc  and  which 
consisted  of  the  heating  <rf  the  hydrate  form  of  the  dye  with  glacial  acetic  acid,followed  by  co-diroUatiou  of 
the  solvent  and  the  water  in  vacuum.  The  dyes  obtained  crystaliized  readily  from  glacial  acetic  acid.  The 
m-nltrc  derivative  (D  was  obtained  in  the  form  of  orange  ted  crystals  with  m.p.  229-*230*  [2).  The  p-nitro  deriv¬ 
ative  (D)  was  obulned  in  the  form  of  bright  red  crystals  with  m.p.  235-236*.  Both  dyes  were  soluble  in  mireial 
acids  with  a  violet  color;  in  alkalies  they  were  soluble  with  the  appearance  of  a  blue  color  with  a  distiiKt  greenish 
shade  fer  the  p-homer. 

Gcld-yellow  crystals  with  m.p.  181  — 182*  were  obtained  from  o*nitrobenzaldehyde  upon  condensation  with 
guaiacdurrder  the  above  conditions,  after  rccrystalllsai  Ion  from  alcohoL  Supposing  that  this  substance  was  a  usual 
condensation  product  of  the  triphenylmethane  soucture,  U  was  oxidized  in  order  to  convert  it  into  the  cociespond- 
ir^  fuchsone  dye.  However,  the  Substance  remained  unchanged.  Analytical  determination  revealed  that  the  given 
compound  containod  chlorine  which  was  not  saponified  upon  heating  with  sodium  hydroxide,  the  substance  had 
the  composition  Cj4Hi/3»NCl.  and  therefore,  it  was  formed  as  the  result  of  the  cor^iensation  of  1  roolocnle  of 
o*iiitrobenzaldehyde  with  1  molecule  or  guaiacdwith  the  simultaneous  chlorination  of  one  of  the  benzene  rings, 
because  of  the  presence  of  the  hydrogen  chloride.  Such  an  ■anomalous"  Ijehavior  of  o-nitrcben^ldehyde  iq>on 
coidensation  with  several  phenols  in  the  presence  of  hydrochloric  acid  has  previously  been  mentibnoQ  in  the 
literature. 

Even  in  1901.  Guyoi  and  Haller  (4],  desiring  to  prepare  nitrobcnzauiin.  conducted  the  condensation  of  o-niuo- 
benzaldehyde  with  phenol,  luing  hydrochlor  c  acid  as  the  condensing  agent.  However  they  obtained  chlorohyd.mxy- 
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acrldone  iretead  of  the  desiicd  triphenylmeihane  detivative.  vhlcfa  was  foimed  as  a  lesult  o*  the  reaaarjgfciieniof 
the  inierraediately  formed  o-nitrodiphenylcarbinol  dehvaiive.followed  by  ihe  cyclizeilon  of  the  acridone  ring; 
the  iotroductioD  <rf  the  chlorine,  evidently,  occurred  dining  the  process  of  the  above  reanaogement  as  a  result  of 
oxidative  chlorination. 

However,  Zlncke  andSiebertfS]  suggested  that  the  substance  formed  during  the  condensation  of  o-oituber.aai* 
dehyde  widi  phenol  in  the  presence  of  hydrochloric  acid  was  cu  the  acrldone  deilvativc,  bit  an  anthranil.  An  anal¬ 
ogously  constructed  compound  was  obtained  by  the  condensaiion  of  oHiiiiobenzaldehyde  with  dimethylaniline  undet 
the  same  conditions  fSX 

This  conclusion  wai  based  on  the  fact  that  these  condensation  products  of  o-nitrobenaaldehjde  with  phenol 
or  with  dimethylaniline  were  readily  transformed  into  dlphenylkeione  derivatives  upon  reduction.  Such  a  cleavage 
of  the  rings  was  rather  litely  with  anthranils,and  not  very  with  acridoncs.  The  views  of  Zincke  and  co^orkeis  weie 
confirmed  by  Bamberger  [TJ.  He  showed  that  the  products  of  the  condensation  of  O'^itrobenzaldehyde  with  phenols 
in  the  presence  of  hydrochloric  acid,  were  convened  into  amino  compounds  by  reduction  with  ziic  in  acidic  medium, 
which  could  be  easily  detected  by  diazotization  and  coupling  with  azo  formers.  Acridoncs  do  not  open  the  ring 
during  such  reduction. 

The  above  papers  give  apparently  persuasive*  arguments  In  favor  of  the  anthranilic  structure  of  the  above  sii)» 
sunces.  Only  the  position  of  the  chlorine  atexn  in  the  reaction  producu  remains  unkiuwiL 

The  product  of  the  composition  CxtH^/DsNCl  obtained  from  o-nlirobenzaldehyde  and  guaiacol  also  formed 
an  amino  compound  on  reduction  with  zinc  in  acidic  medium,  the  amino  group  in  which  was  proven  by  diazotiza¬ 
tion  of  the  ‘  product  reduction,  and  the  preparation  of  azo  dyes  with  B-naphthol  and  N-«cid.  Upon  this  basis, 
it  is  considered  that  the  given  compound  also  contains  the  anthranil  group.  The  laner,  however,  is  more  correctly 
represented  in  the  fotm  of  the  benzisoxazole  with  an  o-qulnoid  grouping  of  the  benzene  nucleus, which  is  confirmed 
by  the  bright  yellow  color  of  the  substance  obtained  For  thb  reason,  structure  (IS)  was  assigned  to  this  compound: 


The  formation  of  this  compound,  -evidently,  is  due  to  the  rearrangement  of  the  diphenylcarbinol  derivative 
(IV)  initially  formed  as  a  result  cf  the  condensation  of  1  molecule  of  o-altrobenzaMehyde  with  1  molecule  of 
guaiacol.  Such  a  rearrangement  resembles  that  of  o-nitrotoiiiCue  to  anthranilic  acid  in  its  mechanism.  The  oxi¬ 
dative  chlorination  also  occurred  diving  this  rearrarigement,  with  the  introduction  of  a  chlorine  into  the  o-nitro- 
aldehyde  nucleus. 


EXPERIMENTAL 

f-  3**-Nitro-3,3*»dimethoxy-4-hydroxyfnchsonc 

^  P^eP*t«tion  of  the  leuco  base.  A  mixture  of  21.0 g  of  m-nUrobenzaldehyde  and  38.0  g  of  guaiacol 
(10  /« excess  of  theory)  was  placed  into  a  thick-walled  vessel  saturated  with  dry  hydrogen  chloride  (3.5  g).  and  left 
to  stand  fo*  10  days  in  the  cold.  At  the  end  the  reaction,  the  mixture  solidified  into  a  cominuous  crystalline 
monolith.which  was  exuacted  and  boiled  several  times  with  a  25»  sodium  carbonate  solKion  until  the  product  did 
'  boiling.  The  yield  was  46.5  g  (8Sf%i  of  the  theoretical).  The  crude  product  obtained  was  covered 

I  th  60^  alcohol  overnight,  the  product  was  fiUered  after  12  hours,  washed  with  6C«5>  alcohol,  atxl  dried  in  a 
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deiiccatox.  The  yield  26.6  g  (50.5^  of  the  theoietical).  The  product  was  purified  by  rec.-yttaUizauon  from 
5C«5>  alcohol.  The  crude  leuco  base  was  also  sulrable  for  further  processing.  .V.Nitro-3.3’-dlraethoxy  t.4*-darydioxytri- 
phenylmethane  was  a  prismatic  Ught  yellow  crystaUine  substance  which  cry«aUIzed  from  concentrated  and  aqueous 
alcohol,  acetic  acid,  benzene,  and  anyl  acetate.  After  three  rcctystallizations  from  alcohol,  tap.  141,5*. 

0.2616  g  substance:  8.3  ml  N,  (20*,  768.5  mm).  0.2518  g  substance:  8.05  ml  N,  (19.5*,  766.6  mm). 

Found  N  3L65,  3.6o.  CxiHjjQfN.  Calculated^:  N  3.69. 

Preparation  of  the  hydroxyf  uchsone  dye.  5.0  g  of  the  crude  condensation  production,  treated 
once  with  a  2^  sodium  carbonate  solution,  was  dissolved  In  50  ml  of  amyl  acetate.  The  solution  was  saturated 
with  hydrogen  chloride  gas,  and  nitrogen  dioxide,  obtained  by  the  cleavage  of  sodium  niirit'^  with  sulfuric  acid, 
was  passed  in  for  2  hours  with  a  continuous  stream  of  hydrogen  chloride,  and  left  to  stand  overnight.  The  crysuls 
of  the  dye  hydrochloride  which  formed,  were  filtered  after  12  hours,  washed  with  amyl  acetate  and  ether,  and 
air  dried.  The  yield  was  3.3  g  (68.5flfc  of  the  theoretical).  When  the  crystalline  leuco  base  was  used  for  the 
oxidation,  5.51  g  of  the  hydrochloride  (98^  of  the  theoretical)  was  obtained  from  5.0  g.  The  hydrochloride  of 
the  fuchsone  was  a  violet  crystalline  substance  with  a  greenish  cas(  without  a  sharp  melting  point. 

5.5  g  of  the  hydrochloiide  was  ground  In  a  mortar  with  80  ml  of  a  IB'h  potassium  acetate  solution  and  100 
ml  of  water.  The  mixture  was  poured  into  a  beaker  and  left  to  stand  overnight.  The  next  morning  the  red 
colored,  friable  precipitate  of  t'ne  hydrate  form  of  the  fuchsone  which  formed  was  filtered,  washed  with  water, 
and  dried  in  a  desiccator :  yield,  4.6  g. 

4.6  g-of  the  hydrate  form  was  recrystallized  from  60  ml  of  glacial  acetic  acid  with  the  acetic  acid  solktion 

of  the  dye  being  boiled  for  a  long  time  on  a  sand  bath.  3.0  g  of  the  fuchsone  crystallized  (50.5^  of  the  theoretical). 

3*«Nltro-3,3'-dimethoxy-4'hy<lroxyfuchsone  was  a  ledrorange  prismatic  crysuUine  substance  which  crystal* 
lized  from  glacial  acetic  and  and  dry  benzene.  It  melted  at  229  -229.5*  after  3  recrysullizations  from  glacial 
acetic  acid.  The  fuchsone  was  dissolved  in  aqueous  solutions  of  acids  and  alkalies  to  give  a  red-violet  color  in 
acids  and  a  blue  one  in  alkalies. 

0.2880  q  substance:  8.9  ml  (19.5*.  769.0  mm).  0.2520  g  substance:  8.1  ml  N|  (20*.  757.0  mm). 

Found  *1^:  N  3.53,  3.65.  CuH^O^N.  Calculated ‘Jb:  N  3168. 

* 

II.  4**-Nitro-3.3*-dimethoxy-4-hydroxyf  uchsone 

Preparation  of  the  leuco  bate.  A  mixture  of  4.9  g  of  p-niirobenzaldehyde,  9.8  g  of  guaiacol  (20^ 
excess),  placed  Into  a  thick~walled  vessel,  was  saturated  with  dry  hydrogen  chloride  (0,7  g),  and  allowed  to  stand 
for  15  days  in  the  cold:  then  the  product  was  extracted  and  treated  with  boiling  water.  A  light  yellow  product  was 
obtained  which  was  solid  at  ordinary  temperatures  but  melted  at  50—60*.  It  was  used  for  the  oxidation  to  the  fuch* 
sone. 

Preparation  of  the  hydroxyf  uc  hsone  of  the  dye.  5.0  g  of  the  product  treated  as  reported 
above,  was  dissolved  in  60  ml  of  amyl  acetate..  The  solution  was  saturated  with  hydrogen  chloride  and  oxidized 
with  niuogen  dioxide.  Yield,  3.6  g  of  the  hydrochloride  (66^  of  the  theoretical).  The  fuchsone  hydrochloride 
was  a  dark  violet  ciystalUne  substance  with  a  gold  caa.witbout  a  shaip  melting  point. 

3.6  g  of  the  hydrochloride  was  ground  in  a  monar  with  50  ml  of  25f^  potassium  aceute  soltaion  and  80  ml 
of  water.  The  solution  w«  transferred  to  a  beaker  and  left  to  sund  overnight.  The  brown  red  precipitate  of  the 
hydrate  form  of  the  fneh*..^;*  which  formed,  was  filtered  after  12  hours,  washed  with  water,  and  dried  In  a  desic¬ 
cator;  yield,  3.0  g. 

3.0  g  of  the  hydrate  form  of  the  fuchsone  was  recrysuUized  from  25  ml  of  glacial  acetic  acid  with  the  acetic 
acid  solution  of  the  dye  being  boiled  for  a  long  time  on  a  sand  bath.  1.57  g  of  the  free  fuchsone  (48^  of  the  theo¬ 
retical)  crystallized. 

4*-Nltro-3.3'-dimethoxy-4-hydroxyfix:hsone  was  a  dark  red.prismatlc  crystalline  subsunce  which  readily 
crystallized  from  glacial  acetic  acid  and  dry  benzene.  The  product  melted  at  235  —  235.5*  afiei  2  recrystalllza- 
tions  from  glacial  acetic  acid.  The  fuchsone  dissolved  In  aqueous  solutions  of  acid  and  alkalies  to  give  a  violet 
color  in  the  acidic  medium  and  a  blue-green  in  alkaline. 

0.2348  g  sii>$uncc:  7.75  ml  N,  (20*.  756.4  mm).  0.2206  g  subsunce:  7.0  ml  1^  (19.5*  758.6  mm). 

Found  •>>:  N  3l75,  3.62.  CxtHnOfN.  Calculated  •>>:  N  3.68. 
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III.  Condentition  of  o-Nltrcbe nza liehyde  wlih  Gualacol 

5.0  g  of  o-oiiiobenztldehyde  mUeJ  with  9.0  g  of  goaiicol  (10^  excess)  was  placed  In  a  thlck*waUed  vessel 
and  satisared  wi*  hydrogen  chloride  (1.1  g).  After  a  3  week  standing,  the  viscous. orange  coined  product  was  ex- 
uacted  from  the  vessel  and  covered  with  15  ml  of  70^  alcohol  overnight;  the  yeUow  precipitate  was  filtered  after 
12  nooxsw  washed  with  70^  alcohol,  and  dried  In  a  desiccator.  Tield.  2.92  g. 

The  product  was  a  gold 'yellow,  prismatic  crystalline  sid>stance  which  crystallized  from  glacial  acetic  acid, 
benzene,  ethyl  acetate,  amyl  acetate,  and  alcohoL  The  product  melted  at  181.5*  after  3  recrystallizations  from 
glacial  acetic  acid. 

0.2  g  of  the  product  was  heated  with  10  ml  rtf  concentrated  hydrochloric  acid  and  a  pinch  of  zinc  dust. and 
filtered.  The  filtrate  was  cooled  and  diazotized  with  crystalline  sodium  nitrite.  The  excess  nUrous  acid  was  de¬ 
composed  with  orea.using  a  starch  iodide  paper  for  control.  The  solution  of  the  diazonium  sah  was  coupled  with 
B-napb^ldiswlved  in  lO^sodium  hydtoxide.and  with  H-acid  dissolved  in  lO^sodium  carbonate.  The  product  of 
the  coupling  with  6*naphthol  had  a  red  color,  that  with  H^cid.  a  red -violet. 

0.1501.  0.1505  g  subsunce:  0.0793^  0.0794  g  AgCL  0.1298.  0.1248  g  substance:  0.1114,  0.1067  g  AgL 
0.1435  g  subsunce:  6.3  ml  Nj  (20*  756.4  mm).  0.1336  g  subsunce:  6.05  ml  N]  (19*.  768.0  mm).  Found 
a  la 04.  13.10;  OCH,  11.34.  11.30;  N 4.98,  5.2a  CjsHP|Na(OCH|).  Calculated^:  Cl  12.88;  CX:Ht  11.25; 

N  5.08. 

SUMMARY 

The  following  niuo  derivatives  of  dimethoxybenzaurin:  3*-nitro-3.3'-dimethoxy-4'hydroxyfuchsone  and 
4*-nitro-a3’-dimetboxy-4-hydroxyfuchsone.  were  obtained  by  the  condensation  of  m-nitrobenzaldehyde  and 
p-nitrobenzaldehyde  with  gualacol  in  the  presence  of  hydrogen  chloride,  followed  by  the  oxidation  of  the  leuco 
compound  formed . 

A  substance  of  the  composition  C^Hj/liNCl  was  formed  by  the  condensation  of  o-nltrobenzaldehyde  with  guai- 
acol  in  the  presence  of  hydrogen  chloride,  and  must  be  comldered  to  be  an  anthranil  derivative  similar  to  the  pcod- 
ucu  obuiced  cyt'-  e  condensation  of  o-nitrobcnzaldehyde  with  phenol  or  dimethylaniline,  reported  in  the  literature. 
The  formatic:.  cl  this  subsunce  resulu  from  the  reanangement  of  the  dlphenylcarbinol  derivative  formed  initially 
diaing  the  coodensation.  followed  by  the  cyclization  of  the  isoxazole  ring;  such  a  rearrangemen*  is  similar  in 
mechanism  to  that  of  o-nitrotoluene  to  anthranilic  acid,  and  proceeds  in  the  presence  of  hydrogen  chloride  accom¬ 
panied  by  the  simuluneous  chlorination  of  the  substance.  -  . - 
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MCROCYANINE  DYES.  RHODANINE  DERIVATIVES 

V.  SEVERAL  TETRA-  AND  HEXAMETHINEMEROCYA  NINE 
DERIVATIVES  OF  3-ETHYLRHODA  NINE 

M.  V.  Deichmeiiter,  I.  I.  LeYkoev.  and  E.  B.  Lifthitt 


In  one  of  the  previouf  Investigations  [1],  it  was  diown  that  the  absorption  maxiinum  of  dimethineinerocyanine 
derivatives  of  3-ethylrhodanIne  (I;  n  =  1),  at  a  rule,  is  shifted  toward  the  longer  wave  lengths  according  to  the  in¬ 
crease  in  the  basicity  of  tha  nitrogen  heterocycle  residue  which  is  part  of  the  dye  molecule.  Conespondingly,  the 
value  of  the  "hypsochromic  shift”  of  the  absorption  maximum  calculated  for  these  dyes  decreases. 


- - V 


Z=(CH-  CH). 


V_- 


JLJ. 

V  =  O,  S,  Se,  •-C(CHj)>  sN-CH^  etc;  Z  =  hydrocarbon,  or  the  group  CH=C-c=  (in  the  last  case  the 

group  V  it  absent);  n  «  0, 1.  2.  or  3. 

For  this  reason,  it  was  suggested  that  the  structure  of  similar  dyes  with  small  and  moderately  basic  residues 
s'e  more  probably  expressed  by  means  of  formula  (I). 

The  relation  of  the  color  of  the  higher  polymethinemeiocyanlne  derivatives  of  rhodanine  to  their  stricture 
has  scarcely  been  studied  up  to  now.  Several  dyes  of  this  series  have  been  synthesized  by  Hammer  [2]  and  Btooker 
[4.SX  The  laner  author  states  that  the  hypsochromic  shiit  of  the  absorption  maximum  increases  upon  going  from 
the  dimethine-to  the  tetramethinemerocyanine  la  the  case  of  dyes  with  residues  of  low  basicity  [3,SX  For  this 
reason,  it  appeared  of  Interest  to  investigate  in  greater  detail  the  effect  of  the  increase  of  the  polymethine  chain 
on  the  optical  properties  of  there  dyes  and  to  study  methods  for  their  synthesis. 

The  present  investigation  is  concerned  with  the  synthesis  of  tetra-and  bexamethinemerocyanine  derivatives 
of  3'ethylrhodanine  with  residues  of  various  degrees  of  basicity  and  the  study  of  their  optical  ixoperties.  Accord¬ 
ing  to  the  literative,  tetramethinemerocyanines  are  formed  by  die  reaction  of  S^ihylrhodanine  with  quaternary 
:«lts  of  2-6-acetanilioobutadienyl  derivatives  of  heterocyclic  nitrogen  bases i2-7X  The  possibility  of  obtaining 
pMymethinemerocyanines  by  the  condensation  of  5-y -acetanllinoallyllidene-CII;  n  =  1)  and  5-c*acdanilioopenta- 
<.  ienylidenedtodanines  (II;  0*2)  with  quaternary  salu  of  2(4)-mcthyl  substituted  heterocyclic  nitrogen  bases  [6] 
was  also  mentioned.  The  latter  method  was  found  to  be  very  conienieiu  for  the  preparation  of  tetra-and  hexatnethine- 
merocyanine  derivatives  of  3-ethylrhodanme.  because  of  which  this  method  was  studied  in  greater  detaU.  h  was 
found  that  similar  dyes  with  %3*dimethylindolenyL  bemhizaolyl.  and  quinolenylf^ residues  were  readily  obtained 
by  the  condensation  of  6*#cetanilinoallylIdene-or  S-acetanillrwpcmadienylidene-S-ethylrhodanine  with  quaternary 
salu  of  2-metbyl  derivatives  of  the  corresponding  heterocyclic  nitrogen  bases  in  absolute  alcoholic  medium  in 
the  presence  of  an  excess  of  triethylamine. 

Almost  in  all  cases  during  the  investigation.  snuU  amouius  trf  side  dyes  were  isolated  which  were  difficult 
to  desorb  from  aluminum  oxide  and  were  poorly  soluble  in  benzene.  It  was  found  that  these  dyes  were  the  cor¬ 
responding  di-atxl  oicarbocyanines.  as  for  example  (IV)  (compare  [2]|. 


They  were  formed,  evidently,  as  a  result  of  the  rupeure  of  the  bond  between  the  carbon  atoms  in  the  acet- 
anilinopolymethine  derivatives  (compare  (8)  ). 


JZOCH^ 

S: - |=CH-(CH=CH)ii-N  ♦ 

•  I 

N  o  3c 
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jCH, 
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C  . - =CH-(CH^mn  — r  S 

fit 


^  N  ” 
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-AA. 
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CjH, 


Trl  (compare  [2])  and  pentamethioeoxanine  derivatives  of  3-ethylrhodanine  (V;  n  =  1  or  2)  were  also  synthe¬ 
sized  by  the  reaction  of  acetanilinoallylidene-and  pentadieneylideneihodanines  (II)  with  3-ethylrhodanine  in  pyri¬ 
dine  In  iLe  presence  of  trie*’’ . ’amine,  or  In  absolute  ethyl  alcohol  in  the  presence  of  anhydrous  potassium  carbon¬ 
ate. 

*‘alts  of  pentame'diiLeoxanines  (V.  n  =  2)  were  very  unstable  and  were  rapidly  decomposed  upon  boiling  with 
alcobbl.  The  1.  Jt  dye  was  more  nable,  and  it  could  be  obtained  in  pure  state. 

absorption  c^ves  were  measured  for  all  of  the  dye*  synthesized,  and  the  values  of  the  hypsochromic 
shitir  >ere  calculated  (in  comparison  to  the  arithmetic  mean  values  of  the  absorption  maxima  of  the  correspond¬ 
ing  dica*  xeyanines  and  trimethineoxanines.  or  tricarbocyanlnes  and  pentamethineoxanlnes).  These  results  arc 
gi-en’f  fa'>le  L 

jsoipr.on  msA<na  of  salts  of  mono-,  tri-,  and  pentamethinecyanine  derivatives  of  3-cthylrhodanlnc  (V) 
li  ■  i.  613  w/t  (613),  and  714  mp  respectively.  (The  data  of  Kookei  (5)  for  these  dyes  in  methanol 

is  giv-  n  '  e  patersheses'/. 

/ 

A*  it  ''p-tent  for  Table  1,  the  intensity  th’t  color  of  the  Jyc  increases  upon  going  from  the  dimethine- 
merocyarine  w  the  letrametnine  derivative,  which  is  greater  the  greater  the  basicity  of  the  heterocyclic  nitrogen 
rt  *o  *0  Fu.t.»it  increase  of  the  polymethine  chain  causes  a  much  smaller  bathochromic  shift.  Upon  the  intro- 
***-  *  c’  vinylepc  group  into  the  po’^Tnethlnc  chain  of  dimethlnemeiocyanlne  with  3,3-dimcthylindolcnyl 
and  i_-<'le  residues,  the  hyi>sochrnmic  shift  of  the  absevption  maximum  increases,  whereas  for  dyes  with 

>i>.urcl'  ,  ’.^^ues.  it  decreases  (from  6  to  1.5  mp)  (compare  [3,5] ).  The  hypsochromic  shift  increases  in 
all  c/ses  upon  going  to  the  hexameihine  derivatives:  the  value  of  this  shift  is  greater  the  less  basic  the  hetero¬ 
cyclic  niuogen  residue. 

Upon  exrjnlning  iht  .  ^snlts  obtained,  the  decrease  of  the  value  of  the  hypsochromic  shift  upon  the  introduc¬ 
tion  of  a  vinylcre  group  into  tl.t  polymethine  chain  of  (Umethlnemerocyanlnes  with  residies  of  quinoline-(2)  be- 
comes  apparent.  This  fact  cart  be  explained  by  different  distribution  of  the  electron  density  along  the  polymethine 
I  chain  ir.  ihe  tr  -cule  di  the  dlme»,ilneme,'acyanlne  with  a  qulix>line-(2)  residue  m  comparison  to  dye*  containing 
3,3-dirr  tt'-  Use  •■rn  i  nnd’'cnzth.azolyl  residues.  In  order  to  answer  the  above  question,  it  seemed  of  interest  to 
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Hetero¬ 

cyclic 

nitrogen 

residue 


Hexamethine- 
merocy  mines 


jCaibo-  iDi-  |Trl- 
jcyan-  !  caibo-  carbo- 


max. 
(la  m|i)| 


Hypso-  Vinyl-  ^Ines 
chro-  eoe 
mlc  shift  •  ’ 
shift  I  (in  mji) ' 

(in  mil)!  • 


jcyan-  jcyan- 
.'ices  lines 

T: — ' — 

max. 

(in  mix) 


3.3-Diincthyl-  603(50?)  41  I  574{566)i  49.5  71 

indolenine  !  | 

I  I 

Benzthiazole  524(526)  26  j  607(605),  26.5  '  83 


QuiDoUne-2  568(565)  6  ]  660(663)!  1.5  92 


Table  8 


636  ~102.5 

687  79.5 


Hetero¬ 

cyclic 

nitrogen 

residue 


c  =  31.2  Je  -  25.8  c  -22.2  I  €  «  17.7  !  form  e  s2.296  tetra 


Absorption  maxmia  of  N-ethylates  of  dimethinemeiocyaninet  with  various  hete:ocycllc  residues 

_ _ _ (la  Mu)  _ ■■  -  . 

(ethanol  I  Ethanol  |  Propaix>l  j  Butanol  |  Chloro-  .Benzene  Carbon-  lexane 


3,3-Dlmethyl- 

indolecine 

502 

503 

Benzthiazole 

522 
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Benzoxyazole  i 

493 

492 

Thiazoline 

481 

482 

Tl  iazole 

531 

532 

Pyridine-2 

538 

542 

Quinoline -2 

562 

568 

l-Methylbenz- 

imidazole 

508 

511 

chloride 


502  I 
474  j 

464  i 

514 

t 

514  • 


investigate  the  change  of  the  position  of  the  absorption  maxima  of  dimethine  merocyanine  derivatives  of  3*ethyl- 
rhodanine  (1,  n  «  1)  in  various  solvents,  the  polarity  of  which,  as  it  is  known,  noticeably  effect:  toe  electronij 
structure,  and  therefore,  the  color  of  the  inualonoidlc  dyes  [9-131  Tne  deta  obuined  are  given  in  Table  2. 

As  it  is  apparent  from  Table  2,  upon  going  from  methanol  to  less  polar  solvents^  the  absorpt.’in  maxArn*  of 
diroethinemerocyanines  with  residues  of  small  and  moderate  basicity  is  gradually  shifted  toward  the  lower  v  '. 
lengths.  In  cases  of  dyes  with  pyridine,  qulnole,  and  l*methylbenzlmidazole  residues,  a  ba'hocitromic  shift  of 
the  absorption  maximum  first  occurs,  and  then,  the  increase  of  the  color.  These  results  con  *tmed  the  ireviciR 
suggestion  [l]that  the  electron  density  is  gradually  equalized  along  the  polymethine  cha'u  lathe  molecu!;;  wi*'i 
the  increase  of  the'  basicity  of  heterocyclic  residue  for  the  dyes  investigated,  as  well  as  for  the  derivatives  of 
3-hydroxythlonaphthene  [121  The  structures  of  the  dimethLoemerocyanines  with  pyridine,  qni  s,  and  1-methyl- 
benzimidazole  residues-  in  ethyl  alcohol,  evidently,  are  more  correctly  expressed  by  an  intraioobV^-l  formula, 
for  example  (VO* 


*  In  carbon  tcuachloride  and  hexane,  the  color  rapidly  disappeared. 
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From  this  point  erf  view,  the  generalities  established  fox  tetirand  hexamcthinemerocyanlncs  become  more 


c^mpieheosible. 

Tjpon  »he  increase  of  the  Imerp 't  nhaln  of  the  merocyanines.  theli  polarity  decreases,  and  in  all  cases, 
the  •’.''ctrcclc  shift  from  the  nittogeu  atom  along  the  polymethine  chromophoie  gradually  decreases.  In  the  dyes 
invcsiigaud  cantalning  indolenioe  and  benzthiazole  residues  (In  ethyl  alcohol),  the  distribution  of  the  electron 
density  along  the  chain  becomes  less  and  less  equalized,  which  is  confirmed  by  the  subsequent  increase  of  the  values 
of  the  hypsochzomlc  shift  of  the  absorption  maxima.  In  the  case  of  the  highly  polar  quinomerocyanine,  upon  going 
from  the  dl-  to  the  tetramethine  derivatives  in  ethyl  alcohol,  on  the  other  hand,  a  more  equivalent  distribution  of 
the  electron  density  along  the  chain  is  attained,  which  upon  further  Incicasc  in  the  length  of  the  chromophoie  Is 
again  broken  because  of  which  the  structure  of  bexamethinemerocyanlnes  In  ethyl  alcohol  can  be  expressed  by  for¬ 
mula  (VII).  For  this  reason,  the  value  of  the  hypsochromic  shift  of  the  abiorptlon  maximum  in  this  group  of  dyes 
at  first  decreases  and  then  increases  on^e  more. 

EXPERIMENTAL 

3-Ethyl -5-y  -acetanlllnoallylldenerhodanlne  [2,6).  It  was  prepared  by  heating  0.32  g  of  3-rthyl- 
rhoda.i  ne  with  0.62  g  of  nulonaldehyde  dianil  hydrochlexide  in  3  ml  of  acetic  anhydride  for  1  hour.  The  precipitate 
which  formed  was  filtered  after  12  hours,  and  washed  with  water  and  alcohol.  Weight.  0.54  g:  ra.p.,  215  —217*'. 

The  yield  was  0.45  g  (67.7^)*  after  recrystallization  from  ethyl  alcohol  (1  g  from  600  ml).  Dark  re4  shiny  prisms 
.  m.p.  224  225*  (with  decomposition)  (225.5  -  226.5*  [6)  ). 

N8.35.  Calculated ‘Jfc;  N  8.42. 

3-Ethyl -5 -  c-anllinopentadlenyl Id e nerhodan Ine  [6).  A  mixture  of  0. 16_£  of  S-^thylrhodanlne, 
0.28  g  of  glutaconaldehyde  dianil  hydrochloride,  2  ml  absolute  ethyl  alcohol,  and  0.1  g  triethylamine  were  heated 
for  5  minutes  on  the  bolUpg  water  bath.  The  precipitate  which  formed  was  filtered  after  6  hoias  and  washed  with 
akohoL  Weight.  0.23  g;  m.p  132  - 193*.  The  yield  was  0.2  g  (63.2^o)  after  recrystallization  from  ethyl  alcohol 
(1  g  from  120  ml).  Blue-violet  platelets  with  m.p.  193*  (with  decomposition). 

Founder  N£.97.  Calculated^;  N  8.85. 

3-Ethyl-5-€-act:anillnopentadtenylidenerhodanine  (6).  A  solution  of  0.23  g  of  3-eihyl-fr- 
e-anib  '  ^ntadienylldenerhodanine  in  7  ml  of  acetic  anhydride  was  refluxed  for  5  minutes  in  a  flask.  The  pre- 

Ahich  formed  upon  cooling  was  filtered  after  12  hours  and  washed  with  water  and  alcohoL  Weight.  0.18  g: 
m.p.  186  -188*.  The  yield  was  0.16  g  (44.75i>)  after  recrystallization  from  ethyl  akohol  (1  g  from  75  ml).  &own- 
Ish  shining  plateleu  with  m.p.  1 90  - 191*  (with  decomposition). 

Found N7.81.  CaHi^OjNjS^  Calculated^;  N  7.81. 

3-Ethyl-5-[6-(3*-ethylbenzthlazollnylidene-2*)-butenylldene3-thlazolidinethione- 

(2)-one-(4)  [2.4,7).  A  mixture  of  0.32  g  of  3-ethyl-5-y-acetanillnoallyIidencrhodanine.  0.44  g  of  2-methyl- 
benzthlazole  ethiodide.  20  ml  of  absolute  ethyl  alcohol,  and  0.31  g  of  tilcthylamine  was  boiled  for  30  minutes. 

The  precipitate  which  formed  was  flUered  and  washed  wUh  akohoL  Weight.  0.32  g:  m.p.  211 -214*  (with  decom- 


•The  yield  here  and  subsequently  is  expressed  In  percent  of  the  theoretlcaU 
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position).  The  product  was  boiled  with  40  ml  of  ethyl  alcohol,  the  insoluble  residue  was  filtered,  and  recryttal- 
llzed  from  30  ml  of  benzene  Yield.  0.14  g  (37.4  m.p.  238  -  239*  (with  decomposition).  For  final  purifica¬ 
tion.  a  benzene  solislon  of  the  dye  was  filtered  through  a  layer  of  aluminum  oxid^  upon  which  a  small  «TTv>iinf 
of  a  blue  side  product  was  strongly  adsorbed.  The  benzene  solution  was  evaporated  in  vacuum  until  the  beginnii^ 
of  crystallization,  the  dye  was  filtered  and  washed  with  alcohoL  Weight.  0.1  g.  Dark  blue  needles  with  in.pi 
238  -239*  (with  decomposition)  (239  -241*  [41  238*  (21). 

Founds  N7.29.  Calcclated 5»:  N7.48. 

0.11  g  of  a  substance  was  isolated  from  the  wash  alcohol.whlch  was  obtained  in  the  of  green  diiny 
needles  with  m.p.  249  -250*  after  three  boilings  with  benzene  and  jeciystallizatlons  from  methyl  alcohol. 

The  absorption  curve  in  ediyl  alcohol,  as  well  as  the  position  of  the  absorption  maxinimn  (at  654  mp)  the 
given  product  and  those  of  3,3'^ethyhhladicarbocyanine  iodide  coincided  completely. 

3-Ethyl-5[  C  -(3*-ethylbenzthiazolinylldene-2‘)-hexadienylldenel-thiazolidinethi-> 
one-(2)-one'-(4)  [4,  61.  h  was  prepared  by  beating  a  mixture  of  0.35  g  of  S-ethyl-^-c-acetanlliiropentadienyli- 
denetbodanine,  0.6  g  of  2-fnethylbeazthlazole  ethiodlde.  10  ml  of  absolute  ethyl  alcohol,  and  0.42  g  of  triethylamine 
for  20  minutes.  Weight.  0.2  g:  in.p.  209  —  210*  (with  decompositioiO.  The  yield  was  0.14  g  (35^)  after  washing 
with  boiling  ethyl  alcohol  (2  times  with  25  ml),  crystallization  from  benzene  (1  g  ftom  500  ml):  nup.  223  -224* 
(with  decomposition).  The  weight  of  the  purified  merocyanine  was  0.1  g  after  removal  of  the  blue-green  side  prod¬ 
uct  upon  aluminum  oxide. 

Green  needles  with  m.pL  223  -224*  (with  decomposition)  (231  - 233*  [4]  ). 

Founds  N7.04.  C^H^NiS,.  Calculated  1b:  N  6.99. 

0.08  g  of  a  substance  separated  upon  sunding  ftom  the  wash  alcchol.  which,  upon  boiling  with  benzene  and 
recrystalUzatx>n  from  eth]^  alcohol,  was  obtained  in  the  form  of  green  needles  with  a  golden  sheen  %rith  m.p. 

210  — 212*(m.p.  of  3,3'-diethylthiauicarbocyanlne  iodide  is  210 -212* [11]).  The  sensitization  maximum  was 
810  mp. 

3 -Ethyl -5 -[6  -(1*  -ethy  1-3*. 3* -dlmethyllndolinylidene-2*)-butenylldene}-thiazolid  jne 
ihlone-(2)-cne-(4).  (5).  A  mixture  of  0.32  g  of  3-etbyl'5-y*«ceti^linoallylidenerhodanine.  0.31  g of  2.3^3- 
trimethylindelini  ne  ethiodlde.  2  ml  of  butanol.  1  ml  of  pyridiiro.  and  O.i  g  of  triethylamine  was  heated  for  2.5  bouts 
at  120*.  On  the  following  day.  die  precipitate  which  formed  was  filtered  and  washed  wbh  alcohol.  Weight  0.19  g: 
m.p.  155-157*  (with  decomposition).  The  yield  was  0.13  g  (38.8^)  after  recrystallizalion  ftom  ethyl  alcohol  (1  g 
from  90  ml).  For  final  purification,  a  benzene  solution  of  the  dye  was  filtered  thtough  a  layer  of  aluminum  oxide 
upon  which  the  blue-violet  side  product  was  adsorbed.  0.08  g  of  the  substance  In  the  form  of  grey. shiny  prisma 
with  m.p.  166  - 167*  (with  decomposition)  (176  -  178*{S]  )  was  obuined  from  the  benzene  solution  after  evaporatioa 
In  vaenum. 

Found  f):  N  7.06.  Calculated  1b:  N  7.28. 

3-Ethyl-5-[C  -(  r-etbyl-3'.3*-dlmethyllndollnylidene-2‘)-hexadlenyIldenel-thlazoH- 
d  1  net h lone -(2) -one -(4).  A  mixture  of  0.7  g of  3-cthyl-5-<-accianllinopcmadlenylldenerhodaninc,  2.1  g  of 
ethyl-p-tolylsulfonaie  of  2.3.3-trlmethylindolinlne.  4  ml  buunol.  2  ml  pyridine,  and  0.42  g  of  uiMhylamlne  vretc 
heated  for  2  hours  at  130*.  3  ml  of  ethyl  alcohol  was  then  added,  and  the  liquid  cooled  wUh  ice.  The  dye  which 
precipitated  was  filleted  after  12  hours  and  washed  with  aJeoboL  Weight,  0.17  g;  m.p.  169— 172* (with docompcal- 
tion).  After  recrystallization  ftom  jxopanol  (1  g  from  100  ml)  and  filtration  through  a  layer  of  aluminum  oxide. wi^ 
which  the  romoval  of  impurities  of  a  blue  side  product  was  accomplished.  0.14g  of  a  substance  (17^)  was  obtnined 
in  the  form  of  green,ihiny  prisms  with  m.p.  182*  (with  decomposition). 

Found  1b:'  N6.96.  Calculated^:  N  6.82. 

3-Ethyl-S[5  -(1*  -ethyldlhydroqnlnolidene-2')-buteDylidencHhlazolid  lnethlone-(2)- 
one-4  [2.  5).  A  mixture  of  0.32  g  3-eihyl-5-y-acetaalllnoallylidenerhodanine,  0.6  g  of  qulnaldlne  edilodJdc.  8  ml 
of  absolute  ethyl  alcohol,  aixl  0.42  g  of  trictbylam me  were  boiled  for  30  minutes.  The  preclplute  which  formed  was 
filtered  after  6  hours  and  Washed  with  alcohoL  Weight  0.32  g;  m.p.  202 -212* (with  decomposition).  After  boiling 
with  50  ml  of  ethyJ  alcoboL  *e  inroluble  residue  was  recrystaUlzed  from  benzene  (  1  g  from  500  ml).  Yield  0.08  g 
(21.7^);  m,p.  253  -  255*  (with  decomposition).  For  a  final  purification,  a  benzene  solittlonof  the  dye  was  filieied 
throi^h  a  layer  of  aluminum  oxide,  upon  which  an  impurity  of  green  side  product  was  adsorbed.  0.4  g  of  a  substance 
was  obtained  in  the  form  of  blue  prisms  with  m.p.  253— 255*(wlih  decomposition)  (253  — 255*(51  270*[2)>. 

Found  1b:  N  7.60.  Calculated  N  7.60. 
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3»EthYl»5-[C-(  i».etbyldihydioquiDolyl>depe-2*)-hexadlecylldepe]-thlazoli<i  jne- 
t  h lone -(2)  ro  ne -(4) .  A  mlxtuie  of  0.35  g  of  3-cthyl-&-f-acetanilinopcniadlenylideneihodamnc.  0.6  g  of 
quinaldlne  ctModide.  10  ml  of  absolute  ethyl  alcohol,  and  0.42  g  of  ttieihylamine  were  boUed  for  30  niinutes. 

The  dye  which  precipitated  was  fUtered  after  6  hoirs  arid  washed  wUh  alcohoL  Weight  0.35  g;  m.p.  191*  (with 
decomposition).  The  yield  was  0.16  g  (40.5^)  after  washing  the  dye  with  10  ml  of  boUing  alcohol  and  rccrystal- 
lization  of  the  residue  from  155  ml  of  ethyl  alcohol  and  then  from  a  mixture  of  ethyl  alcohol  and  beniene  (1: 1) 

(1  g  from  625  ml);  m.p.  226  -  227*(wlth  decomposition).  The  final  purification  of  the  dye  was  accomplished 
by  filtration  thioi«h  aluminum  oxide,  whereby  small  Impurities  of  a  green  side  product  were  removed.  Green 
shiny  prisms  with  m.p.  226  -'227*  (with  decomposiUon). 

Found  Ifc;  N  6.90.  CsHsPN^Si.  Calculated^:  N  7.10. 

3-Ethyl“5-[3*-ethyl-4‘-hydtoxythlazollnthlon-(2)-yl-5*>allylidenel-thlagolldine- 
thlone-(2)-one-(4).[2.  7).  A  mixture  of  0.66  g  of  3-ethyl -6-y  -acetanU  Inoallylidenerhodanlne,  0.64  g  of 
3-ethylriuxianine,  8  ml  of  pyridine,  and  0.82  g  of  triethylamlne  was  heated  for  2  hours  at  13C*;  The  cooled  reac¬ 
tion  soltflon  was  treated  with  150  ml  of  ether.  The  preciplute  which  formed  was  filtered  »ft«  12  hoius  and  washed 
with  ether.  Weight,  0.3  g:  m.p.  156- 157*.  For  purification,  the  trlcthylamraonlura  salt  was  tecrysulllzed  from 
aqueous  alcohol  (3;  1)  (1  g  from  60  ml).  Yield  0.2  g  (21,9^).  Golden  platcleu  with  m.p.  170  - 171*  (with  decom¬ 
position). 

:t.u,d1t;  N9.2a  Calculated  Ifc:  N  9.12. 

l‘-‘  uil  of  concentrated  hydrochloric  acid  (d  1.18)  was  added  to  a  solution  of  0.46  g  of  the  triethylammonium 
salt  in  100  ml  of  50^  aqueous  alcohol.  The  precipitate  which  formed  was  filtered,  washed  with  water  and  alcohol, 
and  thenctysullized  from  glacial  acetic  acid  (1  g  from  85  ml)  after  drying.  Yield,  0.15  g  (41.8^).  Yellow  needles 
with  m.p.  128 -130*  (with  decomposition).  (Accordli^  to  Hamer  and  Wimon.  it  liqulHes  at  160*  and  decomposes 
at  210'  [21 ). 

Fo^^>;  N7.69.  CuH^PaN^^  Calculated  It;  N  7.81. 

3-Ethyl-5-[3*-ethyl-4'-hydtoxythlazollnthloo-(2)-yl-5*-pentadienylidene)-thl4»oll- 
d  inethlone-(2)-one-(4).  A  mixture  of  0.33  g  of  3-ethyl-5-c-acetanlllnopentadienylideneThodanlne.  0.32  g  of 
3-eth/lrhodanine.  5  ml  of  absolute  ethyl  alcohol,  and  0.27  g  of  anhydrous  potassium  carbonate  was  boiled  for  IS  min¬ 
utes.  The  uiueacted  potassium  carbonate  was  filtered,  and  50  ml  of  absolute  ethca  was  added  to  the  filtrate.  The 
precipiuted  potassium  salt  was  filtered  on  the  following  day  and  washed  with  ether.  Weight  0.36  gl  m.p  146-150* 
(with  decomposition),  h  was  readily  soluble  In  alcohol,  noticeably  In  water,  and  difficultly  In  ether.  Upon  boiling 
with  alcohol,  the  salt  of  the  dye  was  decomposed.  2  ml  of  glacial  acetic  acid  was  added  to  a  suspension  of  0.42  g  . 
of  the  above  salt  In  100  ml  of  water.  The  flocculent  precipitate  was  filtered  and  washed  with  water  arrd  alcohoL 
Weight,  0.32  g;  m.p.  135  —  147*.  The  yield  was  0.14  g  (36.^)  aftet  three  recrystallizations  from  glacial  acetic 
acid  (1  g  from  20  ml).  Red  brown  needles  with  m.p.  168  - 170*  (with  decomposition).  H  was  very  readily  soluble 
In  benzene  and  ether,  and  almost  Insoluble  In  ethyl  alcohoL 

Found  %  N  7.48.  CalcuUted  %  N  7.28. 

The  authors  wish  to  express  theli  deepest  gratitude  to  S.  V.  Natanson  for  a  series  of  valuable  suggestions  and 
advice. 

SUMMARY 

syttheses  of  several  tetra-  and  hexamethinemerocyanine  derivatives  of  3-«thylrhodanlne,  as  well  as 
the  corresponding  tri-  and  pentamethineoxanines  was  effected. 

2. "  The  absorption  specua  of  eight  dimethlnemerocyanlnfe  derivatives  of  3-ethylihodanlne,  dlfferii^  in  die 
nature  of  the  nitrogen  heterocycle  residue,  were  measured  In  various  solvents. 

3.  On  the  basis  of  the  investigation  of  the  absorption  specua  of  the  merocyaninc  derivatives  of  3-ethylrhoda- 
nlne.  it  was  shown  that  the  distribution  of  the  .electron  density  In  their  chiomophordcan  vary  consider  ably.  In  rela¬ 
tion  to  the  basicity  of  the  heterocyclic  residues  and  the  length  of  the  internal  polymethine  chain. 
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STUDT  OF  THE  SULFONATION  REACTION 

XXXIII.  EQUILIBRIUM  BETWEEN  SULFONIC  ACIDS 
AND  THEIR  ACID  CHLORIDES 


A.  A.  Spiytkov  and  Yu.  L.  Kazmina 


The  equilibrium  between  various  mono-  and  polysuL^onic  acids  on  the  one  hand,  and  their  acid  chlorides, 
on  the  other,  was  previously  studied  by  the  authors  [1.2]  in  a  medium  consisting  of  a  mixture  of  sulfixlc.'and 
chlorosulfonlc  acids,  which  was  established  according  to  the  equation: 

RSO/:i  ♦  H,S04  RSO,H  +  HSO^ 

The  results  of  the  study  of  the  equilibrium  between  sulfonic  acids  and  their  acid  chlorides  containir^  various 
functional  groups,  carboxylic,  niuo,  and  a  second  sulfonic,  in  the  benzene  nucleus  are  reported  below. 

Equilibrium  between  m-nitrobenzenesulfonic  derivatives.  m-Niti(^enzenesulfonyl 
chloride,  recrystallized  from  glacial  acetic  acid,  with  m.p.  61.S  '~62*,  was  dissolved  in  a  mixture  ci  sulfuric 
?nd  chlorosulfonlc  acids  of  various  composition.  The  solutions  were  kept  over  phosphorus  pentoxide  for  10  hoias  at 
'0  A  O.r)*.  After  pouring  onto  ice.  the  acid  chloride  was  filtered,  washed,  dried,  and  weighed.  The  resnlu  of 
experiment  172,  given  in  Table  1,  show  that  even  after  3  hours  of  standing,  the  system  was  close  to  the  equilibrium 
composition.  The  chloride  isolated  from  the  equilibrium  mixture  had  a  m.p.  of  61.5-62*. 


TABLE  1 

Composition  of  the  Equilibrium  between  m-Mtrobenzene- 
sulfonic  Acid  and  &s  Acid  Chloride  at  80* 


for  1  mole  of  the  acid  chloride,  ra 
moles  of  sulfuric  acid  and  n  moles  of  cbloro- 
sulfonic  acid  are  taken,  then  after  achieving 
equllihrium  according  to  the  equation: 


Expt. 

Moles  used  per  mole 

j  Time 

Chloride 

Equili- 

No. 

of  chlcxitie 

1  (in  hours} 

1 

1 

obtained 

btium 

H^4 

HSOpl 

(In^  of 

consunt 

i 

*  that  used) 

K 

1 

174 

1.36 

3.54 

10  ; 

85.5 

0.52 

168 

1.48 

2.14 

10 

78.7  i 

0.50 

i69 

1.92 

2.07 

10 

74,9 

i  0.47 

r 

3 

56.0 

172 

3.06 

1.52  1 

•  V  ! 

6 

58.7  1 

0.51 

10 

58.9 

0.51 

166  , 

3.31 

0.72 

10  : 

! 

47.0 

0.51 

173 

4.91  1 

0.82 

10 

38.0  1 

0.55 

Average  0.51 


RSO/n  +  HiSO^  «=*  RSOjH  +  HSO/:i  (0 
1-x  m-x  X  a+x 

the  equilibrium  constant  can  be  calculated; 


1C  - 

[l-x)[m-x] 


(H) 


The  experimental  results  showed  that 
the  equilibrium  constant  kept  practically  a 
constant  value  at  various  ratios  of  sulfuric 
and  chlorosulfonlc  acidic 


The  amount  of  sulfonic  acid  in  the 
equilibrium  mixture  is  calculated  according 
to  the  formula: 


n  »K  =  Km  t  \^(n  ♦  K  Km)*-(4K -1)  Km 
2(K-1) 


(IH) 


Table  2  gives  the  amount  of  the  acid  chloride  (1  -x).  calculated  according  to  formuU  (IID.  and  the  values 
found  experimentally. 

Comparison  of  the  results  shows  that  the  difference  between  the  calculated  and  experimentally  found  amounts 
of  acid  chloride  in  the  equilibrium  mixture  do  not  exceed  1.4^. 
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TABLE  2 

Equilibrium  between  m-UlixobenzeDejulfonic 
Acid  and  Its  Acid  Chloride 


Expt. 

No. 

Sulfonyl  chloride  in  the  mixture 
(in  of  that  taken) 

Found 

-  Calculated 

174 

85,5 

i  85.6 

168 

78.7 

1  78.5 

169 

74.9 

1  73.5 

172 

58.8  ; 

;  58.8 

166 

1  i 

1  47.0 

178 

38.0 

1  39.4 

1 

TABLE  3 


Equilibrium  between  m “Sulfobe nzoic  acid 
and  its  chloride.  The  chloride  of  n«ulfoberi2oic  acid 
was  tecrystallized  from  dlchloroeriiane  until  a  m.p.  of  133- 
1315*  was  atuined.  Experiments  on  the  study  of  the  equilibrium 
were  effected  in  the  same  manner  as  those  repotted  for  nitio- 
benzenesulfonic  acid  by  keeping  the  mixture  at  80*  for  10  hotm. 
The  chloride  isolated  from  the  equilibrium  mixtiae  had  a  m.p. 
of  127  - 130*.  The  decrease  in  the  melting  point  of  the  chlor¬ 
ide  resulted  from  the  partial  hydrolysis  of  the  moist  sid)staoce 
during  its  drying  in  the  desiccator  over  sodium  hydroxide. 

The  melting  point  of  the  pure  chloride  was  decreased  in  the 
same  maiuer  after  moistening  and  drying. 

The  experiroenul  results  given  in  Table  3  made  it  pos¬ 
sible  to  find  the  equilibrium  constant  according  to  formula 
(n).  and  to  find  the  aiTX)unt  of  chloride  in  the  mixture.accord- 
Ing  to  formula  (III)  by  means  of  its  value^  equal  to  1.22,fQr 
comparison  with  that  isolated  experimentally. 


Equilibrium  between  Sulfobenzoic  Acid  and  Its  Acid  Chloride  at  80* 


Expt. 

Moles  used  per  mole 

Chloride 

Equil- 

CMcrf-^'r  i"*  the  mixture 

No. 

of  chloride 

isolated 

ibrium. 

Calculated  according 

H|S04 

H3C/n 

(in  ‘9>of 

constant  to  f-r  ula  (HD  (in^of 

t 

that  used) 

K 

that  used! . 

204 

1.62 

4.05  j 

69.8 

1.43 

72.4 

207 

1.59 

3.37  j 

69.7 

1.24 

70.1 

205 

2.01 

2.99  j 

62.4 

1.27 

62.7 

201 

2.93 

2.70  ! 

51.6 

1.22 

51.6 

202 

3.77 

1.73  j 

38.6 

1.19 

37.9 

203 

3.96 

1.26  ! 

36.6 

0.99 

32.5 

Average 

1.22 

Equilibrium  between 
2, 4-toluened tsulfonic  deriv- 
at  ives.  The  chloride  of  2.4-tolu- 
enedisulfomc  acid  was  tecrystallized 
from  ether  until  a  m.p.  of  52*  was  at¬ 
tained.  Experiments  on  the  study 
of  the  equilibrium  were  conducted 
in  the  same  manner  as  for  nitroben* 
zenesulfonic  acid  by  keeping  the 
mixture  at  80*  for  10  hours.  The 
chloride  isolated  from  the  equilibiiuin 
mixture  had  a  m.p.  of  52*.  The  ex¬ 
perimental  resuUs  are  given  in 
Table  4.  As  with  the  above,  the 
amount  of  chloride  in  the  mixture 
was  calculated  from  the  equilibrium 


conaant  according  xp  formula  (HI)  and  compared  with  that  found  experimentally  (see  Table  4). 
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TABLE  4 


Equilibrium  between  2.4-Toluencdisulfonic  Acid  and  Its  Acid  Chloride 
at  80* 


Expt. 

No. 

Moles  used  per  mole 
of  chloride  ! 

Chloride 

isolated 
(in  of 
that  used) 

Equil¬ 

ibrium 

constant 

K 

I  Chloride  in  the  mixture 
•  calculated  according 
to  formula  (HI)  (in  ^  of 
!  that  used) 

H^4 

192 

1.05 

I 

4.23 

86.6 

0.74 

— 

j  84.5 

188 

1.92 

3.10 

71.8 

0.80 

70.1 

198 

2.45 

3.20 

63.7 

1.00 

65.2 

1^9 

2.92 

2.25 

57.9 

0.77 

55.0 

190 

3.33 

1.83  i 

44.7 

1.06 

48.0 

191 

3.70 

2.00  { 

44.0 

1.04 

47.1 

Average  0.90  I 


As  previously  reported  [21  the 
equilibrium  in  this  case  is  established 
according  to  the  equation: 

CH^fH^SO^l), -v  H^04  «=* 

CHjC^^so/:ixso,H)  +  Hsevn. 

i.e.,  the  sulfonic  acid  sulfonyl  chlor¬ 
ide  is  formed,  which  can  be  fur^he: 
transformed  into  the  disulfonic  acid. 
For  this  reason,  x  corresponds  to  the 
number  of  moles  of  the  disulfonyl 
chloride  transformed  into  the  sulfo¬ 
nic  acid  sulfonyl  chloride. 

A  total  of  7  cases  of  equili¬ 
brium  between  sulfonic  acids  and 
iheir  acid  chlorides  have  been 


siuaieo  Dy  toe  autoors  ix.  ’£1 


,  comparison  o(  results  obulned  is 

gl.e»  below  If.  .cconling  to  equetlon  (D.  1  mole  of  luUurlo  «:i<l  WK  uKd  pet  mole  of  the  cbloiide.  then  the 
•iMjnt  of  the  chloiide  tn.isformed  Imo  the  oilfonic  xid  wUI  be  about  SW..wilh  a  variation  of  SH  In  one  or  the 
Other  dixection.as  is  shown  in  Table  5. 


1610 


TABLE  5 

Equilibrium  between  Sulfonic  Acids  and  Tbelr  Acid 
Chlorides  at  Equimolar  Ratios  of  the  Chloride  to 
Sulfiaic  Acid 


Acid  chlorides 

K  ' 

1 

1 

1 

j 

jAmount  uans- 
1  formed  into 

1  the  sulfonic 
acid  (itfli>) 

m-Niitobenzenesulfonyl  chloride 

0.51  ! 

41.7 

p-Dichlorobenzenesulfonyl  chloride 

0.67 

45.0 

p-Toluenesulfonyl  chloride 

1.18 

52.1 

Chloride  of  m-sulfobenzoic  acid  ^ 

1.22 

52.5 

2,4*Toluenedisulfonyl  chloride 

0.90 

48.7 

m-Benzenedisulfonyl  chloride 

1.33 

53.6 

L3.5'Naphthalenetrisulfonyl  chloride 

1.90 

57.9 

The  valuesof  the  constants  for  di-  «nd  trl- 
sulfonic  acids,  as  a  rule.are greater  than  for  the 
moiu>5ulfonic  derivatives. 

SUMMARY 

The  equilihiia  between  m-nitrobenzene* 
sulfonic  acid  and  its  acid  chloride,  m-tulfobenzoic 
acid  and  its  acid  chloride,  and  2.4Holuenedisnl> 
fonic  acid  and  its  acid  chloridewse  studied  in  a 
medium  consisting  of  sulfuric  and  chlorosulfonic 
acids  at  80*.  The  equilibrium  constants  found 
were  equal  to  0.51.  1.22.  and  0.90.  respectively. 

LITERATURE  CITED 
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ORGANIC  INSECTOFUKGICIDES 


XVI.  SYNTHESIS  OF  SUBSTITUTED  ESTERS  OF  THIOPHOSPHORIC  ACIDS 
CONTAINING  VARIOUS  FUNCTIONAL  GROUPS  IN  THE  AROMATIC  RADICAL 


M.  L.  Galathina  and  N.  N.  Melnikov 


Recently  it  was  shown  that  the  introduction  of  a  simple  substituent  such  as  a  halide  and  alkoxyl  into  the 
aliphatic  ladicab  of  one  of  the  more  active  insecticides.  diethyl*4-nitrophenylthiophosphate.leads  to  a  decrease 
in  insecticidal  activity  of  the  compound  p.1  It  appeared  of  undoid>ted  interest  to  study  the  effect  of  the  iiaro- 
duction  of  various  sid)stitueius  into  the  aromatic  radical  dialkylarylthiophosphatcs  on  the  insecticidal  activ* 
ity. 

The  synthesis  of  alkylatylthioposphates  containing  alkoxyl,  halide,  thiocyano.  and  alkoxy  and  halide  groups 
at  the  same  time  in  the  aromatic  radical  is  reported  in  the  present  communication.  The  synthesis  of  alkoxy 
atyldialkylthioi^sphates  is  of  interest  because  of  suuctural  resemblance  of  the  esters  of  alkylresorscin  with  the 
kno%ra  preparation  "Potazan", which  has  found  an>iication  in  agriculture  [2].  The  compounds  obtained  and 
their  propenies  are  given  in  die  Table. 

Almost  aU  of  the  compounds  given  in  the  Table  are  not  reported  in  the  literature;  diethyM-methoxyi^enyl* 
thiophoq>hate  is  die  exception. whose  symhesis  has  been  given  in  entomological  literature  [3]. 

The  synthesb  of  the  compounds  given  in  the  Table  was  ejected  by  means  of  the  following  reactions: 

PSC1,  + 2ROH— V  (RO),PSa  ♦2HC1 
(HD),  PSCl  ♦  R*OC,HpNa  — >  (RO),  ♦  NaCl 

Tests  of  the  dialkylarylthiophosphates  conducted  upon  grain  weevils  and  harmful  beetles,  showed  that  the 
insecticidal  activity  of  dialkylalkoxyphenylthiophosphates  was  destroyed  with  the  increase  of  the  molecular 
weight  6[  the  alkoxy  radical  (starting  with  propyl). 

A  decrease  of  the  insecticidal  activity  also  occurs  with  the  increase  of  the  molecular  weight  of  the  ester 
aliphatic  radical.  It  is  interesting  that  the  introduction  of  the  thiocyano  group  in  place  of  the  nitro  group  sharply 
decreases  the  insecticidal  activity  of  the  compounds,  while  the  inuoduction  of  the  thiocyano  group  into  the  mole* 
cule  of  simple  ester  increases  the  insecticidal  activity  of  the  compounds  sharply.  The  introduction  of  a  halide 
into  the  dialkylalkoxyphenylthiophosphates  increases  the  insecticidal  activity  of  the  compounds  somewhat.  All  of 
the  compounds  given  in  the  Table  were  found  to  be  less  active  than  diethyM-nitrophenylthiophosphate. 

EXPERIMENTAL 

The  preparation  of  die  dialkylarylthiophosphates  was  conducted  under  conditions  reported  in  one  of  the  pre¬ 
vious  communications  [4],  An  equlmolecular  amouni  of  the  dialkylchloiothiophosphate  was  added  gradually  with 
efficient  stirring  to  the  dry  phenol  wetted  with  chlorobenzene  to  which  1-2  drops  of  pyridine  were  added  initially. 
The  reaction  mixture  was  then  kept  for  several  botrs  at  110-130*.  The  sodium  chloride  was  filtered  after  the  end 
o^  the  reaction  and  the  cooling  of  the  reaction  mixture,  die  filtrate  washed  with  sodium  hydroxide  and  water,  and 
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Expert 

imem  Natne  and  FotmuU 
No,  _ 

1  Dietfayl*2-methoxyi^nykhiophosphate  j 

(C,Hp)iPSOC,HpCH,-(2) .  jl  70-174 

2  Dlethyl-S-roethoxypbenylthiophosphate  j 

(C,HP),PS0C,H/X:H,-(3)  97 

3  Dietbyl'3<ethoxypheoylihiophosphate 

(C,H^),PSOC,HpCtHr(3)  170-180 

4  Dletbyl-3-propyloxypheaylthiophosphate  ! 

(C^),PSOC,HpC,Hr(3)  jl  70-180 

5  Diethyl-3-butyLoxyphenylthiophosphate  . 

(C,H^),PSOC*HpC4H,-(3)  |l40-150 

6  Oiethyl'3-benzyloxypbedylthiopbosphate  ' 

(C,Hp)jPSOC«HPCH,C^r(3)  .140-145 

7  Dipcopyl-2-metboxypheuylthiopbosphate  j 

(C,H,0)^CX:4HpCH,-(2)  j  117 

8  Dipiopyl-Smethoxypbenylthlophosphate  | 

(C4H]0)4PS0C4H^H,-(9  130-150 

9  Dipropyl  •S’Cthoxypheaylthio  phosphate  | 

(C,Hp),PSOC4H^tHr(3)  illO-118 

10  Dipiopyl-S-ptopyloxypoenylthiophosphate 

(C,Hjo),PSOC*N^*Hr(3)  120-146 

11  Dipiopyl-3>batyloxyphenylthlophosphate  * 

(C,HP),PSCX;4H^4H,-CS)  136-141 

12  DiCthyM-fliethoxypheDyltltiophosphate 

(C,H^),PSOC4HpCH,-(4)  117-122 

13  Diethyl  •4-ethoxypheaykhlopho$Fhate 

CC,Hp),PSCX:4H^|H4-(4)  135-140 

14  Diethyl -4-propyIoxypheayIthiopho$phate 

(C,H<0),PS0C4H^»Hr(4)  136 

15  DiethyM-butyloxyphenylthiophosphate 

(C,H^),PSOC,lVJC^(4)  !  153 

16  Dlethyl-2-bromo-4><thoxyphenyUhiophoi- 

phate  (C,H^),PSOC4H,Br-(2)-OC,iV(4)  142-150 

17  Diethyl-2*chloro-4-ethoxyphenylthiophos- 

phaie  (C,H^),PSOC4H/:i-(2)-OC,Hr(4)  110-126 
is  DiethyMHhlocyanophenyhhiophotphate  , 

(C,H^),PS0C4H^NS-(4)  130 

19  Dimethyl-3-ethoxyphenylthiophosphate  j 

(CHp)^SOC,H/>C,Hr(3)  5 100-107 

20  Dipibpyl-4-metlK>xyphenykhiophosi4iate  j 

(C,Hp),PS0C4HpcHr(4)  !  124 

21  l)ipropyl-4«thoxyphenylthiophosphate 

(c,Hp),pscx:4Hpc,Hg-(4)  I112-120 

22  DipcopyM-propyloxyp&enylthiophosphatej 

^C5Hp),PSOC4H/X,Hx-(4)  148-150 

23  DipropyM-butyloxypbenylthiophosphate  ! 

*  (CjH20)jPS0C,H^4lV(4)  .112-120 

24  tlipropyl-2*biomo-4*ethoxyphenylthio- 

phosphate 

(C,Hp),PSOC4H,»-(2)-OC^5-(4)  ’.136-140 

25  Diptopyl-2<hk>ro-4-«thoxyphenylthk>-  ^ 

phosphate  i 

(CjH|0)jPS0C4H^-(2>-0C.jH4-(4)  .121-126 


]  Amount  of  phos-  (  YleM  {in 

4!  phororn  (in5>)  *  5>ofthe 

J _  Found  [^Iculaied  theoretical) 


8 

C.02 

8 

8 

0.35 
!  0.05 
0.05 
3 

i 

t  0.05 

f 

4 

« 

i  ! 

i 

I  0.05  ! 

t 

i  i 

I  0.1  i 


10.90.  I 

1.1672  1.5990  11.43  11.23  24 

11.35. 

1.1483  1.5050  11.50 .  11.23  .  .  .  .  56 

11.20. 

1.1288  1.5045  11.06  10.7  21 

10.1. 

1.1020  1.5038  9.8  10.2  26 

9.7. 

1.1001  1.5028  9.4  9.75  17 

8.3. 

1.1645  1.5620  8.5  8.8  25 

9.92. 

1.1288  1.5120  10.10  10.19  24 

10.56.  I 

1.1106  1.4942  10.36  10.19  .  j  18 

9.65. 

L0949  L4920  9.80  9.75  ;  18 

9.15.  I 

1.0790  1.4995  8.^0  9.28  j  25 

8.76.  I 

1.0754  [1.5040  8.50  8.96  '  14 

16.75.  I 

1.1910:1.5180  11.00  11.23  46 

j  10.70,  ! 

1.1400 11.5140  10.80  10.73  !  23 

I  10.55.  : 


•  0.2  ’ 
t  0.02  i 

;  I 

.  0.15  1 

I  i 

■  0.04  i 


^  I  - - 

0.02  I  1.1970;  1.5280  11.37  11.82 


!  124  i  0.07  1 

1.1201  1.5100il0.15  1 

1  10.43 

•  » 

1  1 

1  9.5Ql  1 

1 

•112-120  0.025 1 

1.0956.1.50701  9.35  ! 

1  9.75 

-  I 

‘  j  9.76,  ' 

148-150  0J2 

1.0221;  1.4970  9.90 

9.33 

*  j 

j  8.75, 

.112-120  0.025 

1  4 

1.0082 '1.4950  8.60 

?  1 

i  8.96 

[ 

J  I 

i  !  8.2, 

.136-140  0.05 

j  « 

1.3113  >1.5290  !  8.2 
{ 

7.80 

i  < 

’  9.30, 

1 

.121-126  j  0.05  ; 

1.1883  1.52851  9.30 

•  8.79 

1.1086 11.5080  10.70  10.19  22 

j  9.30. 

1.0905  {1.5082  9.25  9.75  i  46 

8.00,  ! 

1.3596  1.5410  8.00  8.40  20 

I  9.16. 

1.2391  jL5285 1  9.42  9.56  11 

I  10.63, 

1.2121  jl.5510  10.25  10.47  10 

11.53, 
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water,  and  dtted  over  sodium,  or  magnesium  sulfates.  The  chlorobenzene  was  temoved  in  vacuum,  and  the  lesidne 
fiacaonated  in  vacuum. 

The  determination  for  phosphorous  was  conducted  photocoloiimetiicallyi  sulfur,  according  to  Carioi. 

SUMMARY 

1.  A  series  of  dialkylalkoxyphenylthlophosphates  and  diethyM-thiocyanophenylthlopbo^hates.  anreported 
in  the  literature,  was  syiuhesized  in  order  to  study  their  iirsecticidal  properties. 

2.  A  study  of  the  insecticidal  properties  of  the  compounds  obtained  showed  that  they  all  were  le»  active 
than  diethyl -4-nitiophe nylthiophosphate. 
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INVESTIGATION  OF  FURANE  COMPOUNDS 


IV.  EXPERE«ENTS  ON  THE  ASYMMETRIC  SYNTHESIS  OF  SPIRANES  AND  TETRAHYDROFURANE  ALCOHOLS 

A.  A.  Ponomarev  and  V.  V.  Zelenkova 


Among  the  recea  Investlgatlom  .  of  asymmeuic  syntheses,  those  based  upon  the  asymmetiizing  action  bf 
optically  active  quartz  crystals  have  anracted  attention. 

Ostromyslensky  [1]  first  discovered  thepredomlnatiiig  separation  of  one  of  the  optically  active  forms  from 
a  solution  of  the  racemate  under  the  influence  of  an  op:icaUy  active  crystal  of  another  organic  substance.  This 
was  the  start  of  further  investigatiom  on  the  asymmetrizing  actions  of  crystals,  in  particular,  asymnetric  syntheses 
of  various  O'ganic  compounds  with  reactions  conducted  with  the  aid  of  catalysu  deposited  uponoptically  active 
quartz.  Thus,  Schwab  and  coworkets  [2]  conducted  experiments  upon  the  cleavage  of  secondary  butyl  alcohols 
with  Cu«  bft.  and  Pt  catalysts  using  an  optically  active  form  of  quartz  as  the  carrier.  The  undecomposed  alcohol 
rotated  the  plane  of  polarization  (ajy  0.1>0.13*)  i.e..  a  preferential  cleavage  of  one  of  the  ootically  active  forms 
occurred  on  the  catalyst  surface.  Somewhat  later  Stankevlch  [3]  repeated  and  widened  the  experiments  of  Schwab 
and  attained  an  increase  in  the  angle  of  rotation  of  the  undecomposed  alcohol  to  ajy  0.2S*. 

Both  of  the  above  investigations  are  examples  of  destructive  asymmetric  synthesis.  Le..  the  racemate  is  en¬ 
riched  by  one  optically  active  form  because  of  the  preferential  decomposition  of  the  second  form. 


The  problem  of  asymmetric  synthesis  u  a  whole,  and  in  particular  of  catalysis  with  the  participation  of  a 
disymmetric  crystalline  lattice  was  subjected  to  a  thorough  theoretical  and  experiraenul  examination  in  the  in¬ 
vestigations  of  A-  P.  Terentyev.  E.  L  Klabunovsky,  aixi  V.  V.  Patrikeev  [4,5].  The  above  cited  authors,  in  addition 
to  further  developing  the  destructive  asymmetric  synthesis,  also  successfully  solved  the  problem  of  “synthetically 
absolute  asymmetric  synthesis*.  In  particular  optically  active  forms  of  hydrogenated  compounds  were  obtained  by 
the  bydiogerution  of  ethyl  a-pbenylciniumate  and  a-pinene  (optically  inactive  compounds)  with  a  nickel  catalyst 
deposited  upon  optically  active  quaru: 


The  maximum  values  of  the  rotation  of  the  plane  of  polarization  were  -t-O.OS'and  —0.09 ,  respectively. 

The  hydrogenation  experiments  were  conduc;^  at  usual  pressure  and  135*  in  decalin  solution.  The  above  inves¬ 
tigation  stimulated  the  idea  of  using  a  nickel  quartz  catalyst  for  the  hydrogenation  of  furane  alcohols. 

As  we  know,  splranes  are  formed  in  addition  to  the  corresponding tetrahydro  alcohoU  by  the  catalytic  hydro¬ 
genation  of  certain  furane  carbonyl  compounds  and  alcohols.  For  example.  1.6'dloxaspiro*{4.4)'fx>nane  and  tetra- 
hydrofurylprOpancl  arc  formed  by  the  hydrogenation  of  furylpropanoL 


^hch/:h/:h/)h 


Homolog*  of  dioxaspiiODonane  were  fcnned  in  an  analogous  manner  by  rhc  hydrogenation  of  other  y  >furyalka 
nols.  The  mechanism  for  the  formation  of  the  spirane*  was  discussed  'n  the  previous  communication  [10).  The 
stereochemisay  of  these  bicyclic  products  has  not  been  studied  up  to  now,  even  though  It  is  of  undoul^ed  interest 
especuny  in  regard  to  the  simplest  of  the  spirancs  of  this  type,  l.e-dioxaspiiononane.  Because  of  the  presence  of 
two  beteio  atoms  aivl  the  mutually  perpendicular  disuibuilon  of  the  tings,  the  latter  must  exist  In  two  optically 

active  fonrow 
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of  the  products  obtained  already  two  asymmetric  carbon  atoms,  and  therefore,  must  each  exist 

in  the  form  of  two  racemates  under  the  usual  condition^ 

In  order  to  prove  experimentally  the  optical  activity  of  1.6*dioxaspiio-(4,4)  nonane,  experiments  on  the 
asymmetric  synthesis  of  this  compouixi  with  a  nickel  quartz  catalyst  were  conducted.  In  addition,  the  optical 
activity  of  the  simultaneously  obtained  tetxahydrofurylpropanol,  as  well  at  that  of  the  methyl  homolog  of  the  spiro* 
rsonane  and  teuahydrofurane  alcohol,  obtained  under  analogous  conditions,  was  proved  by  means  of  polarimetric 
measurendeoa. 

The  hydrogenation- experimeas,  in  conuart  to  those  of  A.  P.  Terentyev,  were  conducted  under  pressives  of 
140«150  atra.,  which  were  necessary  conditions  for  the  formation  of  spltanes  in  satisfactory  yields.  Hydrogenation 
with  timtitaneous  tln^  closure  (for  the  formation  of  the  spirane )  also  was  a  new  type  of  reaction  In  comparison  to 
the  previotB  investigations  on  the  asymmetric  synthesis. 

The  resnlu  of  the  deterroiiution  of  the  optical  activity  of  the  spiraaes  and  teuahydrofurane  alcohols  obtained 
by  the  use  of  nickel  upon  optically  active  quartz  as  a  caulyst  are  summarized  in  Table  1. 

Therefore,  the  existence  of  optical  antipodes  of  spltanes  and  teuahydrofurane  alcohob  can  be  considered 
experimeaally  proved. 


EXPERIMENTAL 

The  catalyst,  nickel  on  optically  active  quartz,  was  prepared  by  the  precipitation  of  basic  nickel  carbonate 
on  the  quarts  followed  by  reduction  to  metallic  nickel  witb hydrogen.  For  example,  4.9  g  of  optically  active 
quartz  pulverized  In  an  agate  mortar,  was  ground  for  15-20  minutes  with  a  solution  of  5.8  g  of  Ni(NO^i  *  6H/)  in 
8  ml  of  water.  The  homogenous  mixtiaq  (homogeneity  was  kept  by  continuous  efficient  stirring)  was  added  drop- 
wise  to  4  solution  of  3.4  g  <rf  In  20  ml  of  water.  A  thick  mass  with  equally  distributed  particles  of 

quartz  and  basic  nickel  carbonate  was  obtained.  The  precipitate  was  filtered,  washed  twice  with  smalt  amounts 
of  water,  dried  in  a  drying  cabiiiet  at  105-115*,  and  was  carefully  stored  after  oeing  ground  with  glass  roc. 
Weight  of  the  catalyst  obtained.  7.11  g.  The  ratio  of  the  weight  of  the  nickel  carbonate  to  that  of  the  carriet 
was  1:2.2.  Directly  before  the  hydrogerution.  the  catalyst  was  reduced  with  hydrogen  at  300-320*  until  the  foinu- 
tlon  of  water  sopped,  aid  was  cooled  by  a  sueam  of  CO^ 

The  given  procedure  is  usuaUy  appUed  for  the  preparation  of  nickel  on  kiesclguhr  [61 

The  samples  of  oixical!y  active  quartz  were  kindly  donated  by  V.  S.  Vasilev,  the  head  of  the  Chair  of  Peuo- 
giaphy  and  Mineralogy  of  the  author’s  univcisiiy.  * 

*^cobob  used  for  the  experiments  on  asymmeulc  synthesis  Witre  prepared  by  the  hydrogenation 
Ole  ceriesponding  furanc  carbonyl  compooi'ds  with  a  copper -chromite  catalyst  at  12^*  aid  90-120  atm  of  hydro¬ 
gen  pietttue. 


TABLE  1 

Optical  Activity  of  Several  Hydrogenation  Products  of  Furylpropanol  and  Furylbutanol  Obtained  with  Nickel 
on  Optically  Active  Quartz. 


Starting 
s  Instance 

Ifydiogenatlcn  products 

T - 

.Cairier 

Tube  length 
(in  dm) 

1 - 

:  «D 

‘  Averr.s :  enoii  of 
■  determitution  F* 

r 

1, 6-Dioxaspiro-(4,4  )-nonane 

liquartz 

1.9 

-0.066 

+  0.005 

l-(a-Ftayl)- 

\ 

1, 6-Dioxaspiro  -  (4, 4  )-nonane 

l^quatu 

1 

-0.08 

7o.OC4 

propianol 

l-Tetrahydrofarylpropanol-3 

2^Kiuattz 

2 

-0.04 

+  0.005 

^  l,6-Dloxaspiio-(4,4)-n3nane 

d-quartz 

2  < 

+  0.06 

•  +  0.003 

c 

!  l'Tetrahydiofurylpropanol-3 

'  d-quanz 

1.9 

+  0.04 

^0,004 

\ 

) 

2*Methyl-l,  6-dioxaspiro- 
K4,4)-nonane 

'  l-<)uartz 

i  2 

-o;o2 

+  0.004 

l-(a*f  uryl)- 

( 

1-Tetrahydrofurylbuunol-d 

'  1-quartz 

2 

+  0.03 

7  0.004 

buunnl 

1 

2-Methyl-l,  6-dioxasplio- 
i(4,4)-oonane 

d -quartz 

1.9  . 

+  0.02 

1 

j  +0.003 

V 

,  l-Tettahydiofuxylbutanol-3 

d-quaru 

1.9  1 

-0.84 

1  +0.0d2 

Furyl  propanol  was  obtained  from  furylacrolein:  it  is  an  almost  colorless  liquid  with  b.p.  98-100*  at  ISmiii. 
1.4752  (literature  dau:  b.p.  98*  at  10  mm,  n®  1.4760)  (7).  l-Furylbutanol-S  was  obtained  from  fuiylacetone: 
it  was  a  yellowish  liquid  with  b.p.  126-129* at  52  ram,  n%  1.4748  (literature  dau:  b.p.  126-128* at  55  mm,  nj 
1.4744)  (81 

The  existence  of  optical  activity  for  both  fuiaoe  alcohobwas  established  by  polarlmetric  measurement. 

Experiments  on  asymmetric  synthesis  with  nickel  quartz  catalyst  were  conducted  at  120* and  an  initial  pres¬ 
sure  of  135-150  atm  of  hydrogen  in  absolute  alcohol  solution.  Upon  exhaustive  hydrogenation  under  these  condi¬ 
tions,  i-1.3  moles  of  hydrogen  were  absorbed  per  mole  of  alcohol  used  for  the  experiment.  At  the  end  of  hydro¬ 
genation,  the  caulyst  was  filtered,  and  the  hydrogenizate  (after  removal  of  the  alcohol)  was  subjected  to  vacuum 
distillation.  By  redistiUation,  narrow  fractions  were  isolated  which  coaesponded  to  the  spiranes  and  tenahydrofurane 
alcohols  in  boiling  point  and  refractive  indices  (Table  2). 

The  total  yield  of  the  spirane  and  tetrahydrofurane  alcohol  was  71.5^  for  furylpropanol  with  ^Kluartz,  48.2'^ 
with  d-quartzi  the  cotiesponding  figures  for  fuiylbuunol  were  87.4^  and  85.2^ 

Measurement  of  the  optical  activity  was  conducted  with  a  Lippikh  polarimeter  (Firm  of  Schmidt  and  Gench). 
All  of  the  measurements  were  effected  at  6  to  25  readings:  2-3  series  of  measurements  were  made  with  the  same 
subsunce.  The  determitution  of  the  zero  point  of  the  polarimeter,  as  a  rule,  was  conducted  with  an  empty  tube 
before  and  after  the  measurement  with  the  subsunce. 

As  an  example,  an  experiment  on  the  hydrogenation  of  furylpropanol  with  nickel  on  d-quartz,and  the  polad- 
raetric  measurements  of  the  products  obtained  are  given  below. 

Hydrogenation  of  l-(a-furyl)-propanol  with  nickel  ond-quartz.  70  g  of  furylpropanol  was  dissolved  in  80  ml 
of  absolute  alcohol  and  hydrogenated  in  the  presence  of  15.5  g  of  nickel  on  d-quartz. (ratio  of  weight  of  the  nickel 
carbonate  precipitate  to  that  of  the  canier,  1: 12)  at  120*  with  an  initial  pressure  of  142  atm  of  hydrogen.  14  liters 
of  hydrogen  were  absorbed  within  4  hours,  Le.,  1.2  moles  of  hydrogen  per  mole  of  alcohoL  The  catalyst  was  filtered, 
the  alcohol  removed,  and  the  residue  subjected  to  vacuum  distillation.  The  distillate  was  separated  Into  two  frac¬ 
tions  by  redistillation. 

I.  Dioxaspirononane.  b.p.  81-82*  at  60  mm,  n^  1.4478,  weight  13.03  g  (18.6^).  U.  Tetrahydrofurylpro- 
panol,  b.p.  141-144*  at  60  mm,  n^  1.4592,  weight  21.07  g  (29.6^).. 

The  fractions  were  used  for  the  measurement  of  the  optical  activity  of  both  products  (Tablet  3  and  4). 

The  average  error  of  determination  F  was  calculated  according  to  the  formula: 

F  =  -  vhe,e  fm  =  m  -  M  is  the  difference  between  the  value  of  the  rotation  of  the  given  and  the 

^  n(n-l)  ™ 

arithmetic  average,  n  is  the  number  of  measurements. 
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T  A  B LE  2 

Several  Coostanis  of  Spixanes  and  Tetxahylrofurane  AIcol»ls  Obtained  as  Results  of  Experiments  on  Asyrametiic 
Synthesis  _ 


1  j  ;  literature  data  [9] 


Name  of  substance  j 

1 

.  Boiling  poim  (in  0 

:  -5 

,b.p.  (in  •) 

“d 

<■! 

,  1 

1.6^3ioxaspiro-(4,4)-nonane 

83-64  (62  mm) 
i  81-82  (60  mm) 

‘  L4464  { 

1.4465 

t  1 

|81-82  (60  mm) 

.  1.4465 

! 

„  ^39-144  (68  mm) 

l-(crTeirahydrofuryl)  ptopanol-3  (50 

V 

•  1.4595  1 

1.4680 

i 

’  144  (60  mm)  | 

1.4563 

1 

2-Me:hyl-l,6-dioxasplro-  ^ 

(4.4)-ooaaoe  ^ 

1  77-78  (43  mm) 

79-81  (46  mm) 

!  1.4410 
j  1-4415 

80  (46  mm)  j 

1 

1.4412 

l-(o"Teirahydrofuryl)-butanol-3  i 

a 

128-130  (44  mm) 
131-133  (48  mm) 

'  1.4570 

J  1.4542 

f 

145  (58  mm)  | 

1.4541 

i 

TABLE  3 

Measurement  of  the  Optical  Activity  of  1.6'Dioxaipiro> 
(4,4)*notiane  Obtained  by  the  Hydrogenation  of  Fotyl- 
propanol  with  Nickel  on  d -Quartz. 


Zero  point 
with  2  dm 
tube 


easurement  with' 
tube  filled  with 
the  spirane 


Zero  point  of  the 
tube  after 
measuremeix 


TABLE  4 

Measurement  of  the  Optical  Activity  of  l-fo-Teua- 
hydrofuryll-propanol-S  Obtained  by  the  Hydtogena* 
tion  of  Furylpropanol  with  l&ckel  on  d -Quartz. 


Zero  point  Measurement  with  tube '  Zero  point  of 

with  2  dm  filled  with  tctrahydro*  the  tube  after 

tube  furvl  propanol  measurement 


readings  0.177* 
F  ♦  0.003* 


17  i 

0.26  ! 

0.21 

17  ! 

0.24  1 

0.22 

20 

0.26 

0.20 

16 

0.26  • 

_ 

16 

0.26 

- 

18 

- 

- 

17 

- 

- 

18 

readings  0.251* 
F  ♦  0.002* 


readings  0.205* 
F  ♦  0.003* 


Average  zero  point  0.191*;  a^*  0.06* 


readings  0.224 
F  ♦  0.002* 


Average  of  10 
readings  0.268* 
F  +  0.004* 


'  Average  of  10 
'readings  0.228* 
F  +  0.004* 


Average  zero  point  0.226*;  +  0.042* 


SUMMARY 

1.  An  asymmetric  synthesis  of  1.6-dioxaspuononaise  was  accomplished  which  proved,  experimentally,  the 
theoretical  belief  of  the  stereoisomerism  of  this  compownd. 

2.  The  fact  of  asymmetric  synthesis  with  a  nickel  catalyst  deposited  on  1  -  and  d-<)uaitz  was  established.  ‘ 
which  was  also  accompanied  by  the  iiuiamolccular  cyclization  (formauon  of  spiranes). 


At  the  same  lime,  the  practical  possibUlty  to  leallre  aa  aiymmeulc  tynibesis  In  iht  ptcsence  of  the  above 
catalyst  at  high  pressures  and  temperature  was  shown  on  the  example  of  the  hydrogenation  of  furylpropanol  and 
furylbutarroL 
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SYNTHESIS 


OF  AROMATIC  ORGA  NOELEMENTA  L  COMPOUNDS 
BY  THE  REACTION  OF  ARYL  SILANES  WITH  ALUMINUM  CHLORIDE 
AND  HALIDES  OF  VARIOUS  ELEMENTS 
L  ORGANOPHOSPHOROUS  COMPOUNDS 
A.  Ya.  Yakubovich  and  G.  V.  Mottatev 

Several  methods  are  known  for  the  pceparatiou  of  alryldichlorophosphines.  Thus,  they  can  be  prepared  by 
passing  vapors  of  aromatic  hydrocarbons  with  phosphorus  ulchloride  through  an  incandescent  porcelain  or  glass 
tube  [1].  Another  method  for  the  preparation  of  these  compounds  is  based  upon  the  use  of  organo  merciry  com> 
pounds.  For  example,  C^fPCli  can  be  obtained  by  the  reaction  between  (C^4)|HB  and  PCSs  {2]. 

The  most  satisfactory  of  all  of  the  known  methods  of  synthesis  of  aryl  dichlorophosphines  is  their  prepara* 
tion  by  the  reaction  of  aromatic  ha}x>gen  derivatives  (benzene,  chloro-  and  btomobenzene.  toluene,  xylene,  and 
others)  with  phosphorus  trichloride  in  the  presence  of  anhydrous  aluminum  chloride  as  a  catalyst  [3*7].  Neverthe* 
less,  this  method  is  not  free  of  shortcomings,  the  main  one  of  which  is  the  formation  of  several  isomers  during  the 
reaction. 

Therefore,  the  known  methods  for  the  preparation  of  aryl  dichlorophosphines  show  that  these  compounds  are 
still  relatively  poorly  available  substance^wiihout  even  considering  their  derivatives  conuining  various  substhh* 
ents  in  the  aromatic  radicaL 

Because  the  authors  previously  showed  that  dichlorophosphines  were  formed  by  the  action  of  Pda  upon  the 
product  of  the  reaction  between  phenyl  ttichlorosilane  and  anhydrous  AlCla  [8],  a  deuiled  investigation  of  this 
reaction  was  undertaken  in  order  to  determine  the  possibility  and  the  conditions  for  the  synthesis  of  various  aro* 
matlc  organo  phosphorus  compounds  by  this  method.  The  present  communication  reports  on  the  results  of  the  in¬ 
vestigation  on  the  synthesis  of  aromatic  dichlorophosphines  and  their  derivatives  with  various  substituents  in  the 
arorrutic  ring. 

The  method  reported  below  for  the  prepaittion  of  aryl  dichlorophosphines  and  their  derivatives  is  based  on 
the  use  of  aromatic  silanes  of  the  general  formula  (C|Hs_oXn)  niSiCl^.  m  (where  m  =  from  1  to  4)  which  are  re¬ 
acted  with  phosphorus  trichloride  in  the  presence  of  anhydrous  aluminum  chloride. 

The  formation  of  aromatic  orgaiK>  phosphorus  compounds  with  this  reaction  occurs  because  the  aromatic  si¬ 
lanes  and  their  derivatives  (with  substituents  in  the  aromatic  ring),  as  was  previously  shown  by  the  authors  in  one 
of  the  previous  communications  [8],  undergo  a  cleavage  of  the  C  ~'Si  bond  under  the  inflnence  of  alumlnnm  chlor¬ 
ide  with  the  formation  of  the  conesnonding  organo-aluminum  compounds  of  the  type  ArAlCl^  Such  compounds 
react  with  PClj  as  a  result  of  which  the  corresponding  aromatic  aryl  dichlorophosphines  are  obtained. 

This  conrse  of  the  reaction  may  be  represented  in  a  general  form  by  the  following  series  of  equations: 

(CjHj_nXn)0jSiCl^_jji  ♦  mAlClj  “^mCjHj^.u  XnAlCli 't' Sid4 
mC^5_QXnAlCl|  ♦  mPClj  — ”imC4H§_nXQPClj  +  mAlCl^ 

Where  X  =  H.  CL  Br.  L  R,  etc.,  m  =  From  I  to  4.  n  =  From  Ota  5 

The  phosphorus  trichloride  can  enter  into  reaction  in  two  ways:  either  simultaneous^  with  the  aromatic 
silane  and  aluminum  chloride,  which  leads  to  the  reaction  of  PQ|  with  the  organo-aluminum  compound  at  the 
moment  of  its  formation;  or  after  the  aromatic  silane  is  decomposed  by  the  aluminum  chloride, followed  by  tbe 
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removal  of  the  sDicon  teirachloride  from  the  reaction  mass.  In  a  preparative  relation  the  first  course  is  more  conven¬ 
ient  wiiioie  even  considering  that  it  leads  to  the  preparation  of  aryl  tlichloropbosphines  with  somewhat  higher  yields. 

In  order  to  prepare  aryl  dichlorophosphines  by  this  method,  the  aromatic  silane,  for  example  an  «yl  trichloro- 
silaoe,  is  mixed  with  phosphorus  trichloride  and  aluminum  chloride  in  a  ratio  of  ArSiCl,:  PCI,:  AlCl,  =  1.0:  1.0;  1.1. 
Even  the  simple  mixing  of  the  mixture  of  the  above  reagents  leads  to  the  heating  up  of  the  mixture  and  a  gradual  solu- 
tion  of  the  aluminum  chloride.  With  further  heating  of  the  reaction  mixture  to  80*.  an  almost  complete  soliaicn  of 
the  aluminum  chloride  and  the  separation  of  the  reaction  mixture  into  two  layers  occurs:  the  upper  one.  colorless,  is 
sUicoQ  tetrachloride,  and  the  lower  one.  oily  light  brown.  The  latter  is  the  complex  compound  of  aryl  dichlorophos- 
phine  with  aluminum  chloride. 

If  i4x)sphonis  oxychloride  acts  upon  this  complex  after  the  removal  of  the  silicon  tetrachloride,  the  aryl  dlchloro- 
phospbine  is  displaced  from  it.  and  a  new  complex  POCl,"  AlCl,  is  formed  which  makes  the  isolaion  of  the  aryl  di- 
chlorophosphine  in  pure  form  possible.  ti  this  manner,  phenyl-,  pehlorophenyl.  p-bromophenyl.  and  p^olylphenyl- 
dichlorophosphines  were  isolated  in  good  yields. 

“The  above  examples  show  that  the  method  repotted  above  can  serve  as  a  convenient  general  method  for  the 
synthesis  of  primary  dichlorophosphines  and  their  various  derivatives. 

With  the  aid  of  the  organo  aluminum  compounds,  formed  as  iiuermediate  products  by  the  leaction  of  phenyl- 
chloiosilaoes  with  AlCI^  not  only  can  the  aryl  dichlorophosphines  be  prepared,  but  also  the  acid  chlorides  of  the  aryl 
phosphinic  acids.  This  reaction  was  studied  by  means  of  the  reaction  of  phenylirichlorosllane  with  AlCl,  and  phos¬ 
phor  us  peotachlodde.  The  formation  of  phenylphosphenyl  chloride  occurs  in  this  case  according  to  the  scheme: 

C,H^ia,  ♦  Aia,-*  C,li»AlCl,  +  SiC4  C,H,A1C1,  ♦  PCI,—*  CiHsPCU  ♦  Aia,— C,H,pa4*  AIC1» 

CsH^Cl,*  Aia,  ♦  PCCl,— *  C,H,Pa4  ♦  AICI,-  P0C1>  C4H,PC14  +  so,  CCI4  solution^  C4lI,pOCl,  +  soci> 

It  is  interesting  to  mention  that  phosphorus  oxychloride  in  contrast  to  phosphorus  pentachloride.  does  not  re¬ 
act  with  phenyl  aluminum  dichloride. 

EXPERIMENTAL 


I.  Phenyl  Dichlorophosphlne  C«HtPClt 

1.  fteparation  from  CtHsSiCl,.  a)  PClg  was  Introduced  Into  the  reaction  simultaneously  with  the  CgNsSlCl, 
and  Aig^,  100.0  g  of  phenyluichloisilane.  69.3  g  of  freshly  sublimed  anhydrous  aluminum  chloride,  and  65.0  g  of 
phosphorns  trichloride  were  placed  imo  a  round-bottomed  flask  connected  to  a  condenser  and  a  trap  cooled  with  an 
acetone  carbon  dioxide  mlxtixe  (—40*).  and  fitted  with  a  calcium  chloride  tube.  The  mixture  was  heated  fer  2  houB 
on  the  water  bath  at  80*.  and  then  the  silicon  tetrachloride  was  removed  (by  shutting  off  the  reflux  condenser  and 
puttuig  on  the  vacuum).  75.5  g  of  silicon  tetrachloride  (yield  94.4^  of  the  theoretical)  was  obtained  in  the  receiver 
85.8  g  of  phosphorus  oxychloride  was  added  gradually  jo  the  hot  oil-like  rsidue  in  the  flask  after  the  removal  of  the 
SiCl4  which  led  to  the  formation  of  a  grainy  precipitate.  The  precipitate  was  treated  with  several  portions  of  pet- 
roleicn  ether,  the  extracts  were  combined,  the  petroleum  ether  was  removed,  and  the  residue  vacuum  distilled 
Vacuum  distillation  resulted  in  70.0  g  (83.4^)  of  phenyldichlorophosphine  In  the  form  of  a  strongly  refractive, 
light  yellow  liquid  with  a  b.p.  of  140 -141*  (57  mm),  df,  1.3180,  which  fumed  In  the  air  and  possessed  a  sharp 
unpleasant  odor  Guerature  data:  b.p.  222,  140-142*  (57  mm)d**  1.319  (2J). 

0.2083.  0.2004  g  $»ib$tance.  hi  25  ml  0.5  N  KOH;  22.9.  21.95  ud  0.1  N  AgNO,.  Feund^.  hyJr»  lyzableCl 

39.02.  38.94.  C,n,PCl,  Calculated ‘Jk;  Cl  39.66. 

b)  PCI,  was  introduced  Into  the  leaction  after  the  cleavage  of  CcHgSlCTa  by  aluminum  chloride  and  after  the 
removal  of  SiCU  20.0  g  of  phenyltxichloxosilane  and  13.9  g  of  freshly  sublimed  anhydrous  aluminum  chloride  were 
placed  Iruo  a  round -bottomed  flask  fitted  to  a  calcium  chloride  tube  and  connected  in  the  same  maimer  as  in  the 
previous  experiment,  with  a  reflux  condenser  aixl  a  receiver.  Upon  nixing  the  reagents,  the  reaction  mass  turned 
red.  In  order  to  accelerate  the  reaction,  the  mixture  was  heated  at  70 -80*. with  the  simultaneous  removal  of  the 
silicon  tetrachloride  formcd.by  connecting  the  entire  system  to  a  vacuum. 

13.9  g  of  Sia4or  87.0^  were  obtained  in  the  receiver,  lao  g  of  phosphoriu  uichloride  was  added  g»adu- 
aUy  to  the  semi-solid  brown  residue  afier  the  removal  of  the  $104  After  the  addition  of  aU  of  the  PC1>  the  mix- 

^  **  and  then  17.2  g  of  plasphorus  oxychloride  was 

gra  ually  to  it.  The  further  isolation  of  phenyldichlorosllane  was  conducted  in  analogc  js  manner  to  that 


reported  above.  12.8  g  of  nhenyldichlorophosphlne  with  b.p.  140*  (56  mm)  was  obtained.  Yield,  76.0l^'  of  the  theor¬ 
etical  based  upon  the  starting  phenyltricblorosilane. 


9.2321,  0.1972  g  subsunce  In  25  ml  0.5  N  KOH:  25.6.  21.55  ml  0.1  N  AgNO^  Fo»ind ’t;  Hydxoly  able  O. 

39.14,  3S.83.  C^jpa,.  Calculated  ‘Jfc;  Cl  39.66. 

2.  Preparation  from  (C,H^,SiCl>  A  mixture  consisting  of  10.0  g  diphenyldlcMorosUane.  11.6  g  of  freshly 
sublimed  aluminum  chloride,  and  11.0  g  of  phosphorus  trichloride  was  heated  for  3  hours  jn  the  water  bath  at  80*. 
Silicon  teuachloride  was  distilled  from  the  reaction  mas^  which  had  separated  into  layers  (6.2  g  or  92. 79^  of  the 
theoretical),  aixl  14.3  g  of  phosphorus  oxychloride  was  slowly  added  to  the  residue.  The  phenyldichloiophosphine 
was  then  isolated  by  the  above  reported  method.  ll.S  g  of  phenyldichloroi^osphlne  with  b.p.  138-139*  (55  mm) 
was  obtained.  (Yield,  80.4lfc  of  the  theoretical). 

0.1826,  0.2233  g  substance  in  25  ml  0.5  N  KOH:  20.0,  24.6  ml  0.1  N  AgNO,.  Found  Hydrolyzable  CL 

38. 9L  39.10.  C,H»PC1»  CalcuUted  Ifc:  Cl  39.66. 

II  p-Chlorophe  nyld  ichlorophosphine  p-ClCaH^PClt. 

19.0  g  of  p*chlorophenyluichlorosilane.  obtained,  either  as  the  result  of  the  reaction  of  p-ClCfH.^MgBr  with 
SiCl4  (9),  or  by  the  chlorination  of  phenyhrichlorosilane  in  the  presence  of  a  catalyst  [10],  was  mixed  with  6.0  g 
of  freshly. sublimed  aluminum  chloride,  and  5.7  g  of  phosphorus  trichloride.  The  mixture  was  heated  for  2  hours 
on  the  water  bath  at  80*;  the  silicon  tetrachloride  was  then  removed  (6.3  g  or  90.7^).  7.0  g  of  {Bosphorus  oxy¬ 
chloride  was  gradually  added  to  the  results. 

The  isolation  of  pchlorophenyidichlorophosidtine  was  effected  by  a  method  analogous  to  that  reported  for 
the  isolation  of  phenyldichlorophosphine.  6.6  g  of  p-chloroj^enyldlchlorophosphine  was  obtained  in  the  form  of 
a  colorless  oil-like  liquid  with  an  unpleasant  odor  and  b.p.  of  252  -253*,  d^  1.4203.  (litetature  data:  b.p.  253- 
2S5*,d^  1.425  [5]).  Yield.  77.4*)()of  the  theoretical  based  on  p-chlorophenyluichlorosilane. 

0.2381,  0.2452  g  substance  in  25  ml  0.5  N  KOH:  2L9.  22.6  ml  0.1  N  AgNO>  0.1420,  0.1137  g  substance; 

0.2823,  0.2255  g  AgCl  (Carlus).  Found  Hydrolyzable  Cl  32.67.  32.74;  Total  Cl  49.2L  49.09. 

ClCfHaPCl^  Calculated  Hydrolyzable  Cl  3^25;  Total  Cl  49.88. 

nL  p-Bromophenyldichlorophosphlne  p-Br CcH^PClt. 

10.0  g  of  p-hromophenyluichlorosilane,  obtained  either  by  means  of  the  organo  magnesium  synthesis  by 
the  reaction  of  p-BtCgH^^dgBt  with  SiCl^  [9],  or  oy  the  btominsiion  of  phenyltiichlorosilane  in  the  presence  of  a 
catalyst  (111  was  mixed  with  5.0  g  of  freshly  sublimed  aluminum  chloride  and  4.7  g  of  phosphorus  trichloride. 
The  mixture  was  heated  for  2  hours  on  the  water  bath  at  80*;  the  silicon  tetrachloride  was  then  removed  (5.2  g 
or  89.6f?i),  and  5.9  g  of  phosphorus  oxychloride  was  added  gradually  to  the  residue.  The  isolation  of  p-brotno- 
phenyldichlorophosphine  was  effected  by  the  same  method  (see  the  previous  experiment).  6.4  g  of  p-bromo- 
phenyldichlorophospbine  was  obtained  in  the  form  of  a  colorless,  highly  reiractivc.thick  liquid  with  a  b.p.  of 
210\  dg  L6861.  (literature  data:  271-272*.  d"  1.6895  [5]).  Yield  72.6^.  based  on  the  p-broii»phcnylirl- 
chlorosilane  ised  for  the  reaction. 

0.2520,  0.2310  g  substance  in  25  ml  0.5  R  KOH:  19.1.  17.6  ml  0.1  N  AgNO^  Found  loz  Hydrolyzable 

Cl  26.91,  27.03.  BrC^^paa.  Calculated  1(>:  Hydrolyzable  Cl  27.51. 

-Upon  treatment  with  water,  p*btomophenylphosphinic  acid  was  obtained  which  was  aiulyzed  for  bromine 
content.  3  g  of  p-bromo phenyldichlorophosphine  was  dropped  into  10  ml  of  water.  The  precipitate  which  formed, 
was  filtered  anl  washed  with  cold  water  (3-5*).  After  recrystalllzlng  it  from  aqueoiu  alcohoL  thin  platelets  with 
rap.  142.3*  were  obtained,  which  corresponded  to  the  melting  poiru  of  p-bromopbenylphosphlnic  acid  (literature 
data:  m.p.  143*  [5]). 

0.1276,  0.1451  g  substance:  0.1067.  0.1220  g  AgBr  (Carlus).  Found  Br  35  6L  35.82. 

BrCcH^OH)|.  Calculated  1»:  Br  36.19. 

IV.  p-Tolyldich!orophosphlne  p-CHiCaH^PCli. 

10.0  g  p-iolyldichlorosUane.  synthesized  from  p<;H,C,H^gBr  and  SJO^  was  mixed  with  6.5  g  of  freshly 
sublimed  aluminum  chloride  and  6.1  g  of  phosphora  trichloride.  The  mixture  was  heated  on  the  water  bath  for 
2  hours  at  80*;  the  silicon  tetrachloride  was  then  removed  (7.0  g  or  93w8^).  and  7.5  g  of  phosphorus,  oxychlor¬ 
ide  was  gradually  added  to  the  residue. 


1625 


The  subsecpient  isolation  of  pHolyldlcUorophotphine  from  the  reaction  mass  wai  accomplished  by  the  method 
reported  above  for  other  phosphines.  7.2  g  of  p-tolyldichlorophosphine  (85.3^)  was  obtained  In  the  form  of  a  color* 
less,  crystalline  substaiKe  (platelets  from  ether)  with  m.p.  24.5*,  b.p.  243-244*  (literature  b.p.  245  ,  m.p.  25  [4]). 

0.2119,  0.2334  g  substance  in  25  ml  0.5  N  KOH:  21.55,  23.65  ml  0.1  N  AgNO*.  Found  Hydrolyzable  CL 

36.1L  36.0L  CH^,H/C1>  Calculated  V  Hydrolyzable  Cl  36.78. 

V.  Reaction  of  Pbenyltrichlorosllane  with  AlCli  and  PCli  PreparaMon  of  Phenylphos- 
phenyl  chloride  C<HtPOCli.  40.0  g  of  phenylnichlorosilane  was  added  with  stirring  to  a  mixture  of  30.2  g 
of  freshly  sublimed  aluminum  chloride  arrd  39.4  g  of  phosphorous  peniac World e.  Upon  the  addition  of  phenyltri- 
chlorosllane,  a  noticeable  evolution  of  heat  occurred,  and  the  reaction  mass  became  ted  brown.  Heating  of  the 
mixture  for  2  hours  at  80  -85*  led  to  almost  complete  disappearance  of  the  solid  phase  and  the  formation  of  two 
layers:  the  uppet  layer  was  very  mobile  and  colorless:  the  lower,  brown, oil-like.  In  order  to  remove  the  silicon 
tetrachloride,  the  reaction  mau  was  heated  on  the  water  bath  In  vacuum. 

28.7  g  of  Sia^ (yield  B9.0%  of  the  theoretical)  was  obtained  In  the  receiver  cooled  with  acctonc<arboc  di¬ 
oxide  mixture  (”40^.  38.2  g  of  phosphorus  oxyeWoride  was  added  to  the  cooled  residue  obtained  after  the  removal 
of  the  sQicoa  tetracWorlde,  which  led  to  the  formation  of  a  precipitate.  After  the  addition  of  all  of  the  POCl^  the 
reaction  mass  was  heated  for  1  hour  at  70*  40.0  ml  of  carbon  tetrachloride  was  added  to  it,  and  it  was  treated  in 
the  cold  with  dry  sulfur  dioxide  until  the  evolution  of  heal  stopped.  The  liquid  part  was  separated  from  iie  solid 
grainy  residue  end  si6Jected  to  fractionation.  The  main  part  of  the  CQ^  in  a  mixture  with  SOClj  was  distilled 
at  atmospheric  pressure,  and'  the  remainder  and  the  POCl|  was  removed  In  vacuum.  The  tesidue  after  the  lemoval 
cf  the  solvents,  was  distilled  from  a  metallic  bath  at  usual  pressure.  The  following  fractions  were  collected:  1 
with  b.p.  193-199* -4.0  g,  2  with  b.p.  200-250*-0.8  g.  3  with  b.p.  250-259‘-19.6  g.  Fraction  1  was  redis¬ 
tilled  at  ordinary  pressure;  3.5  g  of  a  liquid  with  b.p.  197-199*  was  obtained:  U  was  phenyhrichlorosllane. 

0.2374,  0.2462  g  substance,  in  25  ml  0.5  N  alcoholic  KOH:  33.2,  34.5  ml  0.1  N  AgNO|.  Found 

Hydrolyzable  Cl  49.7,  49.8.  CfH^lCl»  Calculated  Hydrolyzable  d  50.3. 

Fraction  3  was  redistilled  at  rxdlnary  pressure.  16.8  g  of  a  liquid  with  b.p.  256-258*  and  d^  L3700. 

Yield  45.6*9^  of  the  theoreticaL 

0.2167,  0.2226  g  substance  in  25  ml  0.5  N  KOH:  2L85.  22.55  ml  0.1  N  AgNO,.  Found  Hydrolyzable  CL 

35. 84.- 35.97.  C,H,pOa,.  Calculated^;  Hydrolyzable  Q  36.4L 

Therefore,  fraction  3  was  phenylphos phenyl  chloride  the  constants  of  which  were  reported  by  Michaelis  (2): 
b.p.  258*.  d"  L375. 

yi.  Reaction  of  Pbenyltrichlorosllane  with  AlCli  and  POCl^ 

A  mixitze  of  30.0  g  of  pbecyhrichlorosilane  and  20.7  g  of  freshly  sublimed  aluminum  chloride  was  heated 
for  4  hours  on  the  water  bath  at  80*.  Toward  the  end  of  the  heating,  the  reaction  mixture  Kqulred  a  red  brown 
color  and  boiled  violently.  After  cooling  to  30*  68.7  g  of  phosphorus  oxychloride  was  added  to  it)  the  addition 
was  accompanied  by  a  noticeable  heating  up  of  the  reaction  mixture.  At  the  end  of  the  addition  of  the  POCl^ 
the  reaction  mixture  was  heated  for  1  hour  at  80*,  and  the  volatile  products  were  removed  from  it  in  vacuum. 

Aboic  50.0  g  of  a  liquid  was  obtained  in  the  receiver  cooled  with  acetone  carbon  dioxide  mixture  (—40^,  which 
yielded  the  follovring  fractions  upon  distiUatlon;  1  with  b.p.  54 -60*- 14.2  g,  2  with  b.p.  60  -102* -2.6  g.  3  vrtth 
b.p.  102-108*-  31.2  g. 

Fraction  1  represented  silicon  tetrachloride,  with  b.-p.  56-67*,  d|5  1.4C20. 


Fraction  3  was  redistilled  ax  ordinary  pressure.  The  main  part  distilled  at  105 -107*. 

Founds  a  68.7L  69.02.  PCX:!,.  Calculated  Tfc:  Cl  69.38. 

Therefore,  fraction  3  was  phosj^orus  oxychloride. 

The  se.-nl-solid  residue,  obtained  after  the  distillation  of  the  volatile  products,  was  treated  with  several 
pmions  of  petroleum  aber.  the  extracts  combined,  the  ether  removed,  and  the  residue  distilled  first  at  atmos¬ 
pheric  pressure,  and  then  in  vacuum. 


196  disUjlation.  5.0  g  of  phosphorus  oxychloride  (b.p.  103-108*)  and  10.0  g  of  a  fraction  with  b.p. 

9  (70-7*  at  7  mm),  which  was  unchanged  phenyltrlchlorosllane.  were  obulned.  The  residue  after  the 
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distillation  had  the  form  of  thick  o&liStc  which  violenily  dccompoKd  in  water. 

In  another  experiment,  the  treatnaea  of  ibc  semi'«o2id  residue  after  the  removal  of  the  volatile  produos. 
was  with  benzene  insu^d  of  petsoleam  cthen  however,  the  uroe  lesulu  were  obtained  as  in  the  previois  experi¬ 
ment. 

SUMMARY 

1.  Primary  aryl  chlorophoaphines  were  formed  in  food  yie^  by  the  reaction  oi  phosphorous  trichloride  widi 
morganoaluminum  compound  obtained  by  the  reaction  of  acyl  chlorosilanes  with  AIQ^  Aryl  dichlorosilanes  con¬ 
taining  substituents  such  as  Cl,  Br.  Ci^  in  the  ring  can  also  be  obuioed  in  this  manner. 

2.  Phosphorus  pentachloride  reacted  with  phenyhiichlorosUaae  and  AlOa to  form  pbenyhetiachlorophosphine 
which  was  readily  converted  to  pbenylpboaphenyl  chloride.  In  contrast  to  PCl^  phosphorus  oiqfchloride  did  not  give 
compounds  with  a  C*-?  bond  with  an  anaiogoos  reaction. 
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NITRATION  OF  PIAZTHIOL 
L.  S.  Efros  and  R.  M.  Levit 


Geoerallzing  the  literature  data  upcKi  the  appearance  of  disruption  of  equalization  of  bonds  in  benzene  rings 
entering  into  the  composition  of  molecules  with  condensed  nuclei^  it  can  be  concluded  that  three  types  of  this 
phenomena  are  conceivable  and  exist  in  practice,  depending  on  the  degree  of  affinity  of  the  adjacem  ring  to 
V'clectrona. 


In  the  first  case,  the  adjacent  ring  repels  a-elecuons  of  the  benzene  ring  from  itself,  and  decreases  die  a- 
electron  density  of  bonds  common  for  both  rings.  Hydrindin  (1)  can  serve  as  an  example  of  a  conpound  of  this 
type  [IX  In  the  second  case. the  adjacent  ring  possesses  approximately  the  same  affinity  to  the  elections  as  the  ben¬ 
zene  ringi  characteristic  compounds  of  this  type  are  naphthalene,  and  at  the  authors  showed  [2}  benzimidazole  (Q). 
Finally,  in  the  Case  where  the  adjacent  ring  possesses  a  noticeably  greater  affinity  for  the  electrons  than  benzene, 
there  is  a  third  type  of  disruption  of  the  equalization  of  the  bonds:  piazthiol  is  a  graphic  example  of  such  a  compound; 
measurement  of  the  interatomic  distance  of  which  [3]  shows  that  it  has  the  structure (ni). 
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The  diuuption  of  equalization  of  the  bonds  in  the  benzene  ring  of  imidazole,  shown  in  formula  (II)  was  found 
by  studying  the  chemical  properties  of  this  compound  [2X  On  the  other  hand,  a  series  of  generalities  in  chemical 
bdiavior  of  substances  with  imidazole  rings  could  be  predicted  usit^  this  represenution  of  the  phenomenon  [4.  S]. 


It  seemed  of  interest  to  proceed  in  another  manner  in  the  case  of  piazthiol.  and  to  f^edict  ceruln  chemical 
properties  of  this  substance,  knowing  its  fine  suuctiae  on  the  basis  of  the  measiremem  of  the  interatomic  distances, 
Thm,  it  was  clear  that  in  contrast  to  benzimidazole  (II).  the  niaogen  atom  in  piazthiol  fni)  must  cause  a  partial 
positive  charge  in  positions  5  and  6.  because  of  which  the  nitration  of  this  compound  should  lead  to  the  enttance 
of  the  substituent  predominantly  into  positions  4  and  7. 


Meanwhile.  A.  M.  Khaletsky  and  V.  G.  PcsJn  [61  in  a  rerently-published  paper  on  the  study  of  the  nitration 
of  piazthiol.  stated  that  the  product  obtained  by  them  was  a  S-nitro  derivative.  They  proved  this  structure  by  syn¬ 
thesizing  this  product  from  4-nitio-1.2-phenylenediamine  (IV)  and  thionyl  chloride.  Dlamire  (IV)  they  obuined  by 
the  acid  hydrolysis  of  4-nitro-1.2-diacetyldiaminobenzene  i(V). 

Since  it  Is  known  that,  mainly,  cyclization  with  the  formation  of  S-nJtxo-2<methyIbenzlmidazole  occurs  upon 
acid  hydrolysis  of  compound  (V)  [71  and  only  traces  of  diamine  (IV)  are  obuined,  and  since  the  conclusions  on  the 
structure  of  nitropiazthiol  are  based  on  these  experimenu  and  are  in  opposition  to  the  conclusions  from  the  above- 
theoretical  views,  it  was  decided  to  clarify  this  problem. 


4-Nitro-1.2-phenylene  diamine  (IV)  and  3*fiitro'1.2i>henyletiediamine.  isomeric  with  it.  were  obtained  in  chem¬ 
ically  pure  form  by  known  methods,  partial  reduction  of  2.4-dlnitioanlline  and  2.6*dlniiroaniline  which  was  obtained 
by  the  authors.  Upon  treating  3-nitro-1.2-phenylenedlamlne  with  thionyl  chloride  under  conditions  reported  by  A.  M. 
Khaleuky  and  V.  G.  Pesin.  4^itropiazthiol  (VI)  was  obtained  sdtich  was  identical  with  the  nitration  product  of 
piazthiol: 
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U  is  interesting  th?t  4-nitrcphenyIenedisminc  (IV)  only  reacts  weekly  with  thienyl  chloride  in  an  analogous 
manner,  which  is  readily  explained  by  the  elecuophyllic  effect  of  the  nitro  group,  which  hinders  the  closing  of  the 
piazthiol  ring. 

For  the  final  proof  of  the  structure  of  the  nitration  product  of  piazthiol,  this  product  was  reduced  with  zinc 
and  hydrochloric  fcid.  The  piazthiol  ring  was  completely  destroyed,  and  consecutive  triaminobenzene  hydro¬ 
chloride  was  isolated  from  the  reaction  mass  with  a  good  yield  The  previously  reported  (31  4-amino-24)enzyl- 
benzimidazole  (V'll)  was  obtained  from  it  by  condensation  with  phenylacetic  acid: 


\ 

C-CH,-C*Hj 

(VIU 

Both  of  these  products  were  identified  against  those  obtained  by  the  usual  methods  reported  in  the  literature. 

Therefore,  the  theoretical  prognosis  on  the  direction  of  the  nitration  of  piazthiol.  which  was  derived  from 
a  representation  of  the  disruption  of  the  equality  of  the  bonds  in  its  berizene  ring,  was  completely  proved. 

The  nitration  of  piazthbl  followed  by  reduction  of  this  compound  occurring  with  the  disruption  of  the  hetero¬ 
cycle  can  be  recommended  as  a  method  for  the  preparation  of  consecutive  triaminobenzene  since  this  product  is 
synthesized  with  comparative  difficulty  by  methods  reponed  in  the  literature. 

EXPERIMENTAL 

Preparation  of  Piazthiol 

50  g  of  O'phenylenediamine.  800  ml  of  toluene,  and  150  g  of  thionyl  chloride  were  placed  in  a  flask  equipped 
with  a  reflux  condenser  and  calcium  chloride  tube.  The  mixture  was  heated  for  12  hours  on  an  oil  bath.  The  toluene 
was  then  distilled  from  the  flask  by  means  of  a  herringbone  dephlegmator.  and  the  crude  reaction  product  was  subjected 
to  vacuum  distillation  for  final  purification.  Piazthiol  distilled  at  7i/  -80*  at  5  mm.  54  5  (86.5  of  piazthiol  was 
obtained  in  the  form  of  a  crystalline  substance  melting  at  42-44*. 

Preparation  of  4-nitropiazthiol  (According  to  Klnletsky  and  Pesin's  method) 

20g  of  piazthiol  and  56  ml  of  concenuated  sulfuric  acid  (d  1.84)  were  placed  into  a  flask  equipped  with  a 
stirrer.  A  nitration  mixture  consisting  of  12  ml  of  nitric  acid  (d  1.4)  and  18  ml  of  concentrated  sulfiiric  acid  was 
added  slowly  from  a  dropping  funnel.  The  nitration  was  conducted  at  0*  At  the  end  of  the  nitration,  the  reaction 
mixture  was  kept  0.5  hours  at  room  temperature,  and  then  jxjured  on  ice.  A  light  yellow  precipitate  formed  which  was 
filtered  and  washed  with  cold  water  to  a  neutral  reaction.  The  light  yellow  substarKe obtained  after  recrystalliza¬ 
tion  from  alcohoL  melted  at  107*.  25.5  g  of  nitropiazthiol  (90.5^)  was  obtained. 

Preparation  of  4 -Nitropiazthiol  from  l-Nitro-2.  3-d  iaminobenzene. 

1  g  of  l-nitro-2,3-diamir>obenzene  with  m.p.  156*  obtained  in  the  usual  manner  from  2.6-dinitroaniIine.  30 
nl  of  absolute  dry  toluene,  and  2  g  of  thionyl  chloride  were  placed  in  a  flask  equipped  with  a  reflux  corxlenser 

arxl  a  calcium  chloride  tube  The  mixture  was  heated  for  6  hours  on  an  oil  bath,  filtered  and  poured  into  a  crystal- 
0-8  g  of  a  light  yellow  substance  (67.8*^)  with  m.p.  107-108*  was  obtained  upon  recrystallization  from  water 

Attempts  to  prepare  5 -Ni  t  ro  pia  z  thio  1  from  l-Nitro-3 .4-diaminobeuzene 

2  g  of  l-fiitro-3,4-diaminobenzene.  m  p  197 -198*  obtained  in  the  usual  manner  from  2.4'dinitroaniline.  40  ml 
absolute  dry  toluene,  and  4  g  of  thionyl  chloride  were  placed  into  a  flask  equipped  With  a  reflux  condenser  and  a  cal¬ 
cium  chloride  tube.  The  mixture  was  heated  for  6  hours,  filtered,  and  poured  into  a  crystallizer.  Upon  evaporation 
of  the  toluene,  a  brown  crystalline  substance  was  obtained.  After  recrystallization  from  toluene,  dark  red  crystals 
with  m.p.  197*  were  obtained,  i.e..  the  starting  product  The  synthesis  was  condixted  with  a  double  quantity  of  thionyl 
chloride  and  gave  the  same  results. 
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Preparation  of  1,2, 3-Tria  mlnobenzene  from  4-Nltroplazthiol 

2.4  g  of  4-Qiiropiazthlol  was  dissolved  in  IOC  ml  of  hot  water  with  30  ml  of  coitcenuated  hydrochloric  acid. 

12  g  of  zinc  dust  was  added  to  the  soliaion  as  rapidly  as  possible;  a  reduction  occurred  with  a  vioieni  evolution  of 
hydrogen  sulfide.  The  solution  obtained  was  filtered  from  impurities,  l,2.3<riamiiK>benzeoe  dihydrochloride  was 
obtained  by  the  addition  of  25  ml  of  coocenuated  hydrochloric  acid  in  the  form  of  long,  thin  needles.  The  salt 
was  separated,  dissolved  in  20  ml  of  water,  and  the  solution  was  shaken  in  the  cold  with  activated  carbon,  filiered 
and  colorless  needles  of  the  same  salt  of  triaminobcnzene  were  formed  by  the  addition  of  concentrated  hydrochloric 
acid.  YieU.  1.8  g  which  was  87^  of  the  theoretical  amount 

Upon  condensation  with  pbenylacetic  acid  (51  4'«mtno-24}enzylbeozimidazole  (VII)  was  obtained,  whose 
salt  melted  at  242-248*,  the  base  at  154*. 

SUMMARY 

1.  The  4-nitro  derivative  was  formed  upon  the  nitration  of  piazthiol  in  complete  agreement  with  developed 
theoretical  principles  and  in  contran  to' the  literature  data. 

2.  The  nitration  of  piazthiol.  followed  by  the  reduction  of  the  product  which  occuned  with  the  disruption. 
of  the  heterocycle,  is  a  convenient  method  for  the  synthesis  of  vicinal  ttiaminobenzene. 
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ALKTLAMINO  DERIVATIVES  OF  QUINDCLIDINE 


M.  V.  Rubtsov.  E.  S.  Nlkltskay*.  E.  E.  Mlkhllnt, 
A.  D.  Yanina,  and  V.  Ya.  Furshtatova 


Attempu  to  obtain  alkylamlno  derivatives  of  qulnucUdlne  from  the  previous  reported  chloroderivatives  (I  and 
11}  [1. 2]  were  ansuccessful  because  of  the  small  activity  cf  the  chlorine  found  in  die  chloromethyl  group  of  the 
quinuc  Udine  xlug. 


.CH 

CH|  CHt  CHf  CH,  CKt  CH^ 

I  I  I  - ^  i  •  i 

CH|  CH,  dH-CH,a  CH,  CH,  CH-CH,-N'^ 

(0  (IID 

,CH^  ,CH 

/'  \  \  /• 

CH,  ^H,  CH-CHy-CH^  CH,  ^H,  CH-CH,-CH,-N 

CH,  CH,  CH-CH^a  ^  i:H,  CH,  CH-CH,-N^*1 

(H)  (IV) 

The  synthesis  of  compounds  (111)  and  (IV)  was  effected  by  the  reduction  of  the  corresponding  amides  with 
lithium  atuminum  hydride. 

The  reactioiu  for  the  preparation  of  the  amides  and  their  reduction  lixo  the  conesponding  amines  can  be 
expressed  by  the  following  schemes: 

/  I  \  ^  *N,v„  /  I  \ 

CH.  <jH,  9H,  eoq.  ,  f"*  f f“«  f“* 

CH,  CH,  CH“COOH  CHj^CH^CH-COCl  CK,  CH,^H-CON^  — 

"^(V)  "  (VID  h'  ,m 


:h,  ck. 


CH,  ^H,  CH-CHy-CH^ 
CH,  CH,  CH-CH^ 


CH,  (fH,  9H,  ^ 

CH,  CH,  CH-COOH 

^  (V) 


^CHs 

CH,  CH,  CH, 

I  I  ; 

CK,  CK,  CH-CON 

'  I  V  'r. 

(IX) 


CH,  CH,  CH-CH,-C(X)H 

I  •  I  SOCl, 

CH,  CH,  CH-COOH  - * 

^  (VO 


CH,  CH,  CH-CH,-COa 

i  !  I 

CH,  CH,  CH-COa 

X'm/ 

(vno 


'  "  R 

cfu  <!:H,'^CH-eH,-coi/ 

III  *1  \ 

CH,  CH,  CH-CON'  ^ 


LIAIH4  ^ 


2<Quinuc Udine  carboxylic  acid  (V)  and  (2-carboxyquinuclidyl-(3)l-acetic  acid  (VO  were  converted  into  the 
acid  chlorides  (VU  and  VIU)  by  means  of  thionyl  chloride.  These  were  treated  wUh  ammonu  ot  alkyl  (aryl)  am¬ 
ines,  which  resulted  in  the  fosmatlon  of  the  conesponding  amides  (DC  and  X).  Compounds  (ilO  and  (IV)  were  ob¬ 
tained  by  the  reduction  of  the  amides  with  lithium  aluminum  hydride. 
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The  yield  <rf  the  amine  depends  on  thesolubUity  of  the  starting  amide  Li  ether,  or  benzene  In  which  the  reduc* 
tion  leactica  was  condtcted  With  sufficiently  good  solubility  of  the  amide  In  the  above  solvents,  the  amines  arc  ob¬ 
tained  with  yields  of  70-80lt.  Poor  soli*ility  of  the  amide  leads  to  a  sharp  decrease  of  the  yield.  Thus,  2-<iulnacll- 
dine  carboxamide  [3],  difficultly  soluble  in  ether  and  insoluble  in  bc»^— ne,  is  reduced  with  a  yield  of  abotc  40^  of  the 
amine,  p-carboi^quinuclidyl  •<3)]-acctic  dlamlde.  practically  insoluble  in  ether  and  benzene,  docs  not  react  with 
lithium  aluminum  hydride. 

EXPERIMENT  A1 

2-QutnBclidine  Carboxylic  Dimethylamide 

1.5  2  of  2*quinuclidine  carboxyl  t  chloride  was  heated  for  8  hours  with  15  ml  of  thionyl  chloride  at  60  -65  . 

The  excess  thionyl  chloride  was  removed  In  vacuum,  the  remainder  was  removed  by  the  two  fold  addition  of  20  ml 
of  absolute  benzene  followed  by  Its  distillatioa.The2-<luinuclidine  carboxyl  chloride  hydrochloride  obtained  was 
added  gradually  with  cooling  to  60  ml  of  10*5t  solution  of  dimethylamine  in  absolute  ether.  The  reaction  mixture 
was  then  shaken  with  10  ml  of  a  50^  solution  of  potassium  carbonate,  the  ether  solixion  was  separated,  dried  with 
potassium  carbonate,  the  solvent  removed  in  vacuum,  and  the  residue  distilled  at  0.34  mm.  0.8  g  of  a  substance 
%rtth  a  b.p.  of  97 -100*  was  obtained.  The  substance  crystallized  upon  cooling  In  the  form  of  white  crysuls  with  an 
m.p.  of  48-50*.  The  yield  was  57^  of  the  theoretical.  The  substance  was  readily  soluble  in  ether,  chloroform,  and 
alcohol, .  poorly  in  water. 

4.089  mg  substance:  9.901  mg  CO|i  3.586  mg  Hfi.  6.790  mg  substance:  7.42  ml  0.01  N 

Foari  Ife:  C  66.08;  H  9.81;  N  15.30  CaHaPN^  Calculated  C  65.92;  H  9.89;  N  15.38. 

2-Qulcuclld Ine  Carboxylic  Diethylamide 

The  acid  chloride  elxained  from  1.5  g  of  2-quinuclidine  carboxylic  acid  hydrochloride  was  treated  in  the 
manner  repooed  above  with  a  solution  of  8.75  g  of  diethylamine  in  15  ml  of  absolute  benzene.  1.65  g  of  a  sid>- 
stance  with  b.p.  100-102*  at  0.35  mm  was  obtained.  Yield.  75^  of  the  theoretical  amount.  It  was  a  colorless, 
oil-like  liquid  readily  sold>le  in  organic  solvents  and  in  water. 

3.763  mg  substance:  9.399  mg  CCV  3.502  mg  Hjp.  6.770  mg  substance:  6.39  ml  0.01  N  H^O^. 

5.666  mg  substance:  5.32  ml  0  01  N  Found  1^:  C  68.16:  H  10.41;  N  13.21.  13.14. 

Calculated  C  68.55;  H  10.47:  N  13L33. 

[2-Catboxyqulnnclidyl  .-(3)]-acetlc  Dlamlde 

p-CarbozyquinucUdyl  -(3)]-acetyl  dichloride  hydrochloride,  obtained  from  3  g  of  the  acid  hydrochloride 
In  the  same  manner  as  for  2-quinuc Udine  dicarboxylic  acid  hydrochloride,  was  suspended  In  90  ml  of  absolute 
ether  and  the  suspension  saturated  with  ammonia.  40  ml  of  a  50^  potassium  carbonate  solution  was  added  oo  it. 
and  It  was  well  stined.  The  precipitate,  containing  the  diamide  and  a  smaU  amount  of  ammonium  chloride,  was 
filtered  end  air  dried  The  residue  was  mixed  wlih  50  ml  of  absolute  alcohol,  the  alcoholic  solution  filtered  from 
the  ins(di&le  ammonium  chloride,  decolorized  with  carbon,  and  evaporated  to  a  volume  of  15  ml.  Upon  cooling, 

1.7  g  of  p-caiboxyquinucUdyl  -(3)]-acetIc  diamldc  formed.  M.p.  198  -  200*;  yield.  66.8lk  of  the  theor- 

eticaL  It  was  a  white  ciystaUine  powder,  readUy  soluble  in  water,  soluble  in  alcohol  upon  heating,  and  insoluble 
in  chloroform,  acetone,  ether,  and  benzene. 

2.418  mg  subsunce:  0.412  ml  N,  (22.5*.  747  mm).  Found  N  19.33.  CjjHiPaN^  Calculated  5»:  N  19.9. 
2-Carboxyqulnuclldyl-(3)]-acetlc  D1 -(dimethylamide) 

[2'Cwboxyqulnuclidyl-(3)}-acetyI  dichlorlde  hydrochloride,  obtained  ftom  3  g  the  acid  hydrochloride,  was 
ueated  with  45  ml  of  an  18^  ether  solution  of  dimethylamine.  2.56  g  of  a  substance  with  b.p.  165-170*  at  0.2  mm 
'^**^°^**^®*‘  Yi*^*^*  19.7^  of  the  theoreticaL  The  vacuum  distilled  product  crystallized  upon  cooling:  m.p.  117- 
118*.  U  was  readily  soluble  in  water,  alcohol,  chlaoform.  and  acetone,  difficultly  in  ether. 

4.159  mg  substance:  9.610  mg  CO,:  3.385  mg  Hp  5.436  mg  substance:  6.23  ml  0.01  N  H^SO^ 

Found  ^  C  63.05;  H  9.11;  N  16.05.  C,^,P,N,.  Calculated  C  62.92;  H  9.36;  N  15.72. 

I2-CarboxyquinucJid.yl-(3)l-Acetic  Pi -(diethylamide) 

p-Carboxyquinuclidyl-(3) 3-acetyl  dichloridc  hydrochloride,  obtained  from  3  g  of  the  acid  hydrochloride,  was 
treated  with  a  sohnion  of  8.8  g  of  diethylamine  in  20  ml  of  absolute  benzene  After  the  usual  processing.  3.2  g 
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of  a  substance  with  b.p.  163  -165*  at  0.4  mm  was  obtained.  Yield.  32.2‘5t  of  the  theoretical,  i  was  a  viscoa, yellow 
liquid  which  ciystalUzed  upon  prolonged  standing;  m.p.  45*.  The  substance  was  readily  soluble  in  water  and  in  or¬ 
ganic  solvents. 

4.448  mg  substance;  10.921  mg  CO,;  4.069  mg  Hp.  3.265  mg  substance:  3.10  ml  0.01  N 

Founds  C  67.00;  H  10.23;  N  13.27.  Calculated  Ifc;  C  66.87;  H  10.41;  N  13.00. 

[2-Ca  rboxyqulnuclidyl-(3)}-acetlc  Dibenzyl  amide 

[2-CarboxyqulnuclIdyl-(3)l-acetyl  dichlorlde  hydrochloride,  obtained  from  2  g  of  the  acid  hydrochloride,  was 
added  with  stirring  and  cooling  to  a  solution  of  4.28  g  of  benaylamine  in  40  ml  of  absolute  ether.  A  voluminous 
precipiute.  a  mixture  of  P<arboxyquinuclidyl-(3) ^acetic  dibenzylamide  and  benzylamine  hydrochloride  farmed. 

40  ml  of  chloroform  was  added  to  the  ml«ure  to  dissolve  the  dibenzylamide.  Benzylamine  hydrochloride  was  fil¬ 
tered  and  washed  on  the  filter  with  another  40  ml  of  chloroform,  the  chloroform  solution  was  evaporated  in  vacuum, 
and  the  dry  residue  was  recrystallized  from  10  ml  of  alcohol.  2.1  g  of  white  crystals  with  m.p,  139 -141*  was  ob¬ 
tained.  Yield.  67.7^  of  the  theoretical.  The  substance  was  readily  soluble  in  chloroform,  soluble  in  alcohol  upon 
heating,  poorly  soluble  in  water,  and  insoluble  in  ether. 

3.589  mg  substance;  9.714  mg  CO|;  2.422  mg  Hp.  5.534  mg  substance;  0.511  ml  N,  (22*.  729  mm). 

Found  C  73.86;  H  7.55;  N  10.24.  CmHiP^Nh.  Calculated  %  C  73.66;  H  7.42;  N  10.73. 

2-Am  inomethylquinuclldlne 

Because  of  the  poor  solubility  of  2'quinuc Udine  carboxamide  in  ether  [31  the  reduction  of  the  laner  was 
conducted  in  a  Tilepape  extractor. 

1.38  g  of  2-quin uc Udine  carboxamide  was  placed  in  the  caruidge.  85  ml  of  absolute  ether  and  0.85  g 
of  Uthlum  aluminum  hydride  were  charged  Into  the  flask.  The  reaction  mass  was  heated  for  20  hours  at  a  slow 
boil.  At  the  end  of  the  reaction.  1.34  ml  of  water  was  added  with  cooling  to  the  flask.  The  precipitate  of  Uth¬ 
lum  and  aluminum  hydroxides  which  formed,  was  filtered,  washed  with  chloroform,  the  nocipitate  transfened 
to  a  separatory  funnel.  10  ml  of  a  50*^  solution  of  potassium  carbonate  was  added,  and  it  was  extracted  with 
chloroform.  The  chloroform  extract  was  dried  with  potassium  carboiiate.  the  solvent  was  removed  in  vacuum,  and 
the  residue  distiUed  at  83-85*  at  5  mm.  0.5  g  of  a  colorless  oUy  substance  was  obtained  which  was  readily 
soluble  in  organic  solvents  and  in  water.  Yield,  40^  of  the  theoreticaL 

4.990  mg  substance:  6.95  ml  0.01  N  Found  lb-  N  19.49.  Calculated^:  N  20.20. 

2-Amiaomethylauinuclidine  dihydrochloride  was  a  white  crystaUine  powder  which  was  soluble  in  alcohol 
and  water,  and  insoluble  in  ether;  with  m.p.  277-279*  (from  alcohol). 

5.327  mg  substatKe:  5.04  ml  0.01  N  H2SO4,  6.060  mg  substance:  8.281  mg  AgCl.  Found  N  13.24; 

Cl  33.73.  CgHjjNpi^  Calculated  *>);  N  13.14;  Cl  33.33. 

2-Dlmethylaminomethylqulnuclidlne 

A  solution  of  2  g  of  2-quinuclidine  carboxylic  dimethylamide  in  40  ml  of  absolute  ether  was  gtaduaUy 
added  with  stining  to  a  solution  of  1  g  of  lithium  aluminum  hydride  in  40  ml  of  absolute  ether.  At  the  end  of 
the  addition,  the  reaction  mixture  was  boiled  for  20  hours,  and  then  cooled,  and  1.6  ml  of  water  was  added. 

The  subsequent  processing  was  the  same  as  the  above. 

1.52  of  a  substance  with  b.p.  89-90*  at  7.5  mm  was  obtained.  Yield,  82^  of  the  theoretical  It  was  a 
colorless  oiHike  liquid  readily  soluble  in  organic  solvents  and  in  water. 

2.940  mg  substance:  3.43  ml  0.01  N  H^O^.  3.847  mg  substance;  0.563  ml  N,  (25*.  737  mm). 

Found  *>»:  N  16.30,  16.21.  CiaH^a^a  CalcuUted  *>>;  N  16.66. 

2-DIroethylamlnomethylquinuclidine  dipicrate  was  a  yellow  crystalline  substance  with  m.p.  211.5-213.5* 
(from  alcohol). 

4.561  mg  substance:  7.129  mg  CO,;  1.743  mg  Hp.  4.268  mg  substance:  6.651  mg  CO,;.:!. 703  mg  Hp. 

2.190  mg  substance;  2.78  ml  0.01  N.  H^O^  Found  Q  42.65.  42  52;  H  4.28.  4.46;  N  17.77. 

CaHjPaN,.  Calculated  C  42.17;  H  4.15;  N  17.89. 
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2-Dleihylamtnomethylqulnuclidine 

3.22  g  of  2*<iulniEli<iine  carboxylic  diahylamide  was  reduced  wUh  1  g  of  lithium  aluminum  hydride  In  40  ml 
of  ether.  2.44  g  of  a  substance  with  b.p.  131  -132*  was  obulned.  Yield  81*^  of  the  theoraical.  It  was  a  syrupy 
colorless  liquid  soluble  in  organic  solyents  and  in  water. 

3.539 mg  substance:  0.443  ml  Nj (22*.  760  mm).  Found ^  N  13.68.  C^HmNs.  Calculated^;  N  13.77. 

2-Dicthylaminomethylqulnuclldine  dlpicrate  was  a  yellow  crystalline  substance  with  m.p.  196-198“(&om 
50^  alcohol). 

4.19  mg  substance;  7.128  mg  COj;  1.759  mg  HjP.  4.240  mg  substance;  6.842  mg  CO,;  1,771  mg  Hp. 
4.168  mg  substance;  5.17  ml  0.01  N  Found  C  44.02.  44.04;  H  4.45.  4.68;  N  17.36. 

Ca^sPuNs*  Calculated  %  C  44.03;  H  4.58;  N  17.1*. 

2-Dl  me  thy  1  amino  methyl -3-(B  -dlmethylarolnoethyP-qulnuclldlne 

2.4  g  of  [2<aiboxyqulnuclidyl-(3»cedc  dl-(dlmethylamlde)  was  reduced  with  1.5  g  of  lithium  aluminum 
hydride  In  a  mixture  of  30  ml  of  ether  and  30  ml  of  benzene.  1.64  g  of  a  sii)sunce  wUh  b.p.  98*  at  0.3  mm  was 
obulned.  Yield.  76.3^  of  the  theoteticaL  It  was  a  colorleas,  mobile  Uquid,readUy  soluble  in  water  and  organic 
solvents. 

2.965  mg  substance:  0.470  ml  N,  (23.5*  724  mm).  FoBnd5»:  N  17.39.  Calculated^:  N  17.57. 

2-Dimethylamlnomethyl'3-<B’diniethjIaminoe'hyl)*qninuclidine  ttipiciate  was  a  yellow  crystalline  substance 
with  m.p.  196 -197*  (from  acetone). 

3.120  mg  nibstance:  4.720  mg  CO,;  1.134  mg  Hp  3L027  substance:  3.95  ml  0.01  N 
Found  ‘h.  C  41.55;  H  4.06;  N  18.27.  C^PaPu^U.  Calculated  %  C  41.47;  H  4.10;  N  18.12. 

2-Dlethylamlno  methyl  -SK  6  •diethylaminoethyll-qulnuclldlne 

1.3  g  of  [2<arboxyquinuclidyl-<3}}acetic  di-(diethylamide)  was  teduced  in  30  ml  of  dry  ether.  0.95  g  of  a 
substance  with  b.p.  125 -127*  at  0.26  mm  was  obtained.  Yield.  83.79)  of  the  theoretical.  It  was  a  colorless,  lively 
liquid  readily  soluble  in  water  and  in  organic  solvents. 

4.035  rag  substance:  10.867  mg  CO,:  4.625  mg  Hp.  4.330  mg  subsunce:  11.538  mg  CO,:  4.809  mg  Hp. 
2.632  mg  substance:  0.343  ml  K,  (20*.  726  mm).  2.713  mg  sid>sunce:  0.348  ml  N,  (23*.  728  mm). 

Found  9e  C  73.49.  73.23;  H  12.82.  12.51;  N  14.50,  14.17.  CiPaPa-  Calculated  9»:  C  73.22;  H  12.54; 

N  14.24. 


1.16  g  of  a  substance  with  b  p.  230-232*  at  0.3  mm  was  obtained  by  the  reduction  of  L72  g  of  P*carboxy- 
qiiinuclidyl-^3)]-acetic  dibenzylamide  by  the  action  of  0.8  g  of  lithium  aluminum  hydride  in  100  ml  of  absolixe 
benzene.  Yield.  72  9*  of  the  theoretical,  h  was  a  viscous,  yellow  liquid, readily  soluble  In  water  and  organic 
solvents. 

4.482  mg  substance:  12.869  mg  CO,;  3.505  mg  Hp.  5.407  mg  subsunce;  15.596  mg  CO,;  4.260  mg 

Hp.  Found  9;  C  78.35.  78.71;  H  9.00.  8.82.  C,p„?^  Calculated  9:  C  78.74;  H  9.1. 

SUMMARY 

A  series  of  substituted  2-*minomethylqBinuclidines  and  2-ainiaomethyl-3-(6-aminocthyl)-qulnucUdines  was 
synthesized. 
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INVESTIGATION  OF  COMPOUNDS  CONTAINING  A  THREE-MEMBERED  OXIDE  RING 


VL  REACTION  OF  ETHYL  6 -METHYL-6 -ETHYLGLTCIDATE  WITH  ANILINE 
V.  F.  Martynov  and  Ya.  A.  Kastion 

The  resulu  of  the  reaction  between  ethyl  8.6-diniethylglycidate  and  aniline  and  its  homologs  were  reported 
In  the  pcevlout  communications.  It  was  shown  that  in  all  cases  the  oxide  ring  of  the  above  glycldlc  acids  was  opened 
from  the  side  of  the  S-carbon  atom,  and  a  6-arylamlno  substituted  e -hydroxyisovaleric  acid  is  formed. 

The  present  study  is  an  extension  of  the  above  Investigation.  The  reaction  between  the  ethyl  glycidate  and  the 
eniliue  was  effected,  as  in  the  previcus  cases,  by  heating  a  mixture  of  the  two  at  170-180*.  in  a  sealed  tube. 

The  investigation  sho«red  that  the  oxide  of  B-methyl-B-ethylglycidic  acid  was  considerably  more  suble  than 
that  of  C^B^hnethylglycidic  acid:  the  addition  of  aniline  proceeded  with  considerably  more  difficulty  in  the  first 
case  than  in  the  second. 

The  heating  of  ethyl  B-m ethyl -B-ethylglycidate  with  aniline  for  6  hours  at  the  above  temperature  led  to  only  . 
a  20^  yield  of  the  addition  product,  while  under  analogous  conditions,  ethyl  dimethylglycidate  formed  an  addition 
product  with  a  yield  with  aniline 

In  order  to  attain  a  satisfactory  yield  of  the  re  act  ion  product,  it  was  found  necessary  to  increase  the  heating  time 
of  the  reaction  mixture  sharply.  Thus,  a  50^  yield  could  only  be  obtairied  by  a  50-hour  heating.  Such  a  sharp  dif¬ 
ference  in  the  reactivity  of  the  above  glycidic  acids  is  explained,  possibly,  by  the  increased  steric  hindrance  upon 
changliv  the  methyl  grotp  to  an  ethyl  grcup  on  the  6 -carbon  atom. 


The  product  of  the  addition  of  aniline  to  ethyl  B-methyl-6  -ethyl-glycidate  was  a  crystalline  compound  to  which, 
on  the  basis  of  the  previously  conducted  investlgatlortt,  the  formula  of  ethyl  a-hydroxy-B-aninilincisocaproate  (I)  could 
be  assigned  with  a  great  degree  of  cerulnty. 


For  a  conclusive  proof  of  the  certainty  of  this  formula,  the  compound  obtained  was  heated  with  strong  sulfivic  . 
acid.  An  intense  evolution  of  carbon  monoxide  occurred  at  110-115*  which,  a:  is  known,  is  a  property  of  c -hydroxy 
acids.  The  second  fragment  of  the  molecule,  under  such  a  decomposition,  must  have  been  the  corresponding  amino 
aldehyde  which  could  not  have  remained  unchanged  under  the  conduions  of  the  give-i  reaction,  atrd  which  must  have 
been,  judgingfrom  previous  studies,  converted  into  methylethylindole*  However,  the  format'on  of  two  isomeric  meth- 
ylethyllndoles  should  have  been  expected  upon  the  closing  of  the  indole  ring  in  this  case.  The  isomerism  can  be  il¬ 
lustrated  by  the  following  scheme: 


CH| 

CaH. 


y  C-CHOH-COOC|H, 


CH,  ^ 

>c-c=o 


CaH, 


H  OH 
•  I 

CH,-C-C-C,H, 


HN  ' 

H  OH 

I  I 

CaH,-C-C-CHa 


CH,-C==C-C,H, 


HN, 
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As  is  appaxea  troni  the  givenscherne.  2-inethyl-3-€thylindolc.  3-mMhyl-2-ethyllridole.  or  a  mixture  of  the 
two  isomers  could  baxe  beeir  obtained  as  a  result  of  the  above  transformations.  Both  Isomeric  Indoles  are  known 
from  the  literature.  3-Me*yl-2-ethylindole  Is  a  soUd  with  a  meUing  point,  according  to  one  Uteratxie  reference, 
of  66*  fll  and  59*.  to  another  Pi  2-Methyl-3-ethylindole.  according  to  one  reference,  is  a  Uquid  widi 

b.p.  291 -293*  (750  [3^41  and  a  crystalline  compound  with  m.p.  44-45*.  according  to  another  PJ. 

crystalline  compound  with  a  strong  fecal  odor  and  m.p.  of  44.6-45  was  obtained.  All  analyses  upheld 
t>ig  formula  of  methy letbyiindole  for  It. 

Therefore,  this  investigation  ^wed.  without  any  doubt,  that  the  opening  of  the  oxide  ring  by  the  action  of 
aniline  occurs  feom  the  side  of  the  B<arbon  atom  for  eihyl-S-metbyl-e-ethylglycldate.  The  addition  product  must 
be  assigned.^  stroave  ethyl  a-toydroxy-fl-anilino-lsocaproate 

In  addition  it  was  necessary  to  prove  the  structure  of  the  methylethyllndole  obuined.  This  problem  was  com¬ 
plicated  by  the  fact  >>»•*.  as  '  was  shown  above,  there  was  disagreement  on  the  physical  constants  of  2inethyl-3- 
ethylindole.  aisd  tbesefoee.  there  was  no  rigidly  established  standard  for  comparison. 

Such  a  disagreement  in  the  physical  properties  of  2-methyl-3<thyllndole  can  be  explained  by  the  method  of 
its  preparation.  All  of  the  authors  started’  with  Fischer's  method,  Le.,  the  decomposition  of  the  methylpropyl  ketone 
phenylhydrazocte.  whereby  they  believed  that  the  reaction  proceeds  only  in  one  direction,  the  formation  of  2 -methy  1- 
3-ethylindol^  and  oom;:Cerely  nrglected  the  second  possibility  of  the  formation  of  2-propylindole. 


even  though  the  reaction  undoubtedly  occurred. 

It  is  not  surprising,  thcxfac,  that  2-methyl-3'ethylindole  was  characterized  until  recently  at  a  liquid.  The 
small  impirity  of  propyiindole  sharply  lowered  the  melting  poiix.  Only  in  1947  was  a  pure  preparation  of  crystal¬ 
line  structure  obuined  pi. 

In  order  to  prove  the  structure  of  the  methylethyllndole  obuined.  both  of  the  possible  Isomers  were  synthesized : 
2-methyl -3-ethyl  indole,  synthesized  by  Fischer’s  method,  was  a  liquid.  The  mixed  meUing  point  of  the  compound 
obtained  with  the  crystal! toe  Isomer  of  3-methyl-2<ethylindoie  gave  a  strong  depression.  This  served  at  an  indirect 
proof  that  the  isomeric  2-cnethyl-3-ethylindole  was  obtained. 

For  final  proof,  pderates  of  both  Isomeric  inde'es  were  obtained,  and  a  mixed  melting  point  of  the  two  was  Ini- 
tially.takea:  a  large  depression  occurred.  Then  mixed  mehing  points  of  the  pkrate  of  the  methylethyllndole  obtained 
with  those  of  the  two  isomeric  forms  of  methylethyllndole  were  taken.  A  depression  was  absent  only  upon  melting 
with  2-methyl-3-ethylindole  pictate. 

Therefore.  2-ajetbT!-S-«hylindole  was  obtained  as  a  result  of  the  action  of  sulfuric  acid  upon  ethyl-« -hydroxy-fl- 
anilinoisocaproate.  Tb’.z,  the  rctropinacoline  rearrangement  occurred  selectively  during  the  closing  of  the  indole 
ringjWidr  the  ethyl  gptnp  migrating. 

EXPERIMENTAL 

Preparation  of  Ethyl-u -Hydroxy-B -anlllnoisocaproate 

A  mixture  cocsisticg  of  31.6  g  of  ethyl  B-meihyl-B -ethyl  glycidate  and  55.8  g  of  aniline  was  sealed  into  a 
glass  ampoule  whidi  was  e.ca  heated  for  40  hours  (with  interruptions)  at  170-180*.  The  contents  of  the  tube  tiered 
red  and  some  presstxe  was  detected  upon  opening. 

A  fraction  boiling  at  150-154*  (3  nrm)  was  collected  upon  vacuum  distillation,  which  was  a  yellow, viscous 
liquid  which  rapidly  crystallized.  25  g  (S0*9e))  was  obtained.  After  4  recrystallizations  from  ligtoin.  the  white  crys¬ 
talline  compound  had  an  ia.p.  59  -60*. 

0.4686  g  subsUDce:  22.6  ml  N,  (19*.  761.5  m.m).  0.4435  g  substance;  22.9  ml  Nj  (20*.  759  mm). 

0.1500  g  substsace;  15.26  g  0.20*.  0.9454  g  stibstance:  13.70  gCjH*:  At  1.42*.  Founder 

N  5.18.  5.30;  M  252.1,  248.8.  Ci4HjP,N.  Calculated  N5.57,  M  251. 
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For  tbe  determlnatioD  of  carbon  moD<oxide  during  the  decomposition  of  ethyl  a*hydtoxy*6  *ftnULr)Olvxapcoate 
by  the  action  of  cotcentrated  sulfuric  acid,  an  apparatus  and  procedure  was  used  which  was  applied  for  the  analysis 
of  tertiary  and  secondary  fatty  acids  [6]. 

The  heating  with  sulfuric  acid  was  conducted  at  110 'US*.  i.e.,  at  that  temperature  at  which  the  decomposi¬ 
tion  of  the  secondary,  indole,  component  of  the  reaction  did  not  occur. 

0.3890  g  substance:  34.5  ml  CO  (17*.  756.5  mm).  0.4156  g  substance:  38.3  ml  CO  (ir.  756.5  nun). 

Found  CO  11.09,  11.50.  Ci|H,p,R  Calculated  CO  11.16. 

Transformation  of  Ethyl  a -Hydroxy-B -anllinoisocaptoate  into  2-Methyl -3-etbylindole 

15  g  of  ethyl  a4iydroxy-6-aniliooisocaproate  was  added  to  50  ml  of  concentrated  sulfuric  acid;  a  complete 
solution  occuned  with  shaking  and  slight  heating.  At  95* (thermometer  widiin  the  mixture),  the  fornMtlonof  gas 
bubbles  started  to  occur  (carbon  monoxide).  At  110^115*  there  was  an  intense  evolution  of  carbon  monoxide. 

After  the  end  of  the  evolution  of  the  gas,  the  red  colored  liquid  was  poured  into  water  with  ice.  and  tbe  acid  neixtal- 
ized  with  alkali.  The  substance  which  formed  as  an  emulsion  was  extracted  with  ether.  After  the  usual  opera¬ 
tions  and  tbe  removal  of  the  ether,  4.5  ml  of  a  red  brown  liquid  was  obtained  The  substance  distilled  in  vacuum 
at  117.5 -118*  (2  mm),  and  was  a  light  yellow  liquid  of  average  viscosity  which  rapidly  crystallized.  4  g.  which 
was  42^.  was  obtained.  The  yield  of  the  jvoduct  should  have  been  higher  since  no  tarring  bad  occurred,  but  2- 
methyl •3-cthylindole  possesses  a  noticeable  solubility,  which  was  mentioned  by  other  authors  [3],  because  of  which, 
evidently,  some  decrease  of  the  yield  occurred.  After  recrystallization  from  petroleum  ether,  tbe  m.p.  was  44-44.5' 

Found ‘Jc  N  9.0;  OH  10.9;  M  157.7.  CuHaN.  Calculated^:  N  8.8;  OH  10.7;  M  169. 

The  picrate  (wine-red  thin  needles)  melted  at  150-151*  after  recrystallization  from  aqueous  alcoboL  Lit¬ 
erature  data:  152-153*  [3],  148-149*  [5].  A  mixed  melting  point  determination  with  2-methyl-3-ethylindole  which 
was  obtained  and  authentically  synthesized  3-methyl-2-etbyllndole  gave  a  m.p.  of  26 -28*  which  was  a  depres¬ 
sion  of  17*  from  the  lower  melting  point. 

A  mixed  melting  point  determination  of  2-methyl*3-ethyllndole  picrate  and  3-methyl-2-ethyllndole  picrate 
gave  a  m.p.  128-.130*i  depression.  =*20*.  A  mixed,  melting  point  determination  of  2-methyl-3"etbylindole  pic¬ 
rate  obtained  and  that  of  3-metbyl-2-ethylindole  synthesized  authentically,  gave  a  m.p.  of  131-132*:  depres¬ 
sion,  “20*.  No  depression  was  found  in  a  mixed  melting  point  determination  of.2-methyl-3*ethyllDdole  picrate 
obtained  and  authentically  syuthesized  2-metbyl-3-«thyllndole  picrate  (m.p.  150*).  >r.. 

SUMMARY 

1.  The  reaction  between  ethyl  6  -methyl  6-ethylglycidate  with  aniline  was  studied.  It  was  shown  that  the 
opening  of  the  epoxy  ring  of  the  above  glycidic  acid  occurs  at  the  side  of  the  S -carbon  ato.-n  under  the  action  of 
aniline.  Ethyl  a*hydroxy-B-anilinoisoGai>roate.  urureported  hitherto  in  the  literature,  was  obtaiued. 

2.  The  ease  of  selective  retropinacolin  rearrangement  was  nadied  on  the  example  of  jbe  preparation  of  2-methyl 
3-ethyIindole 

3.  A  new  method  for  the  preparation  of  2-methyl-3-ethylindole  was  developed. 
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SYNTHETIC  INVESTIGATIONS  OF  INDOLE  DERIVATIVES 

L  SYKniESISOF  I-KIETIIYL-C'-HYD^OXYINDOLINE  AFD 
l,3-DIMETHYL-5-HYDROXYINDOLINE(DIHYDROPHYSOSTIGMOL)  URETHANES 

M.  N.  Kolosov  and  N,  A.  Preobrazhensky 

The  heterocyclic  indole  (2.3-benzopyrrole}  system  is  of  considerable  interest  as  a  structural  basis  of  a  large 
number  of  natural  and  synthetic  substances  having  important  scientific  and  practical  value.  The  number  of  indole 
derivatives  also  includes  such  important  therapeutic  alkaloids  as  eserine  (physostigmine),  strychnine,  yohimbine, 
cinchona  mine,  ergotoxin.  ergotamine,  and  others,  growth  factors  such  as  indolylacetic  acid,  as  well  as  natural  and 
synthetic  dyes  such  as  indigo. 

This  paper  is  the  first  communication  of  a  series  on  investigations  of  natural  indole  compouixls  and  their 
synthetic  analogs. 

The  alkaloid  eserine  (physostigmine).  the  active  priiKiple  in  the  fruit  of  the  tropical  plane  Physostigma 
venenosum  (the  so-called  calabar  bean)  is  the  suongest  parasympathomimetic  substance  which  blocks  chloliire 
esterase.  Because  of  its  exceptionally  suong  physiological  activity, eserine  has  a  wide  ai^lication  in  medicine 
andveterinary  medicine,  as  well  as  in  biological  investigations.  It  is  used  mainly  as  an  agent  for  the  lowering  of 
intraocular  pressure  and  as  a  miotic  agent  antagonistic  to  atropine  and  curarine. 

The  effect  of  eserine  and  its  analogs  (for  example  proeserine)  on  the  cholines¬ 
terase  system  has  found  great  application  recently,  especially  in  the  therapy 
of  diseases  due  to  the  disruption  of  the  peripheral,  as  well  as  the  cenual.  ner¬ 
vous  system.  However,  eserine  possesses  ceruin  drawbacks  as  a  therapeutic 
agent:  it  b  unstable  in  aoueous  solutions,  the  organbm  acqubes  a  rapid  tol¬ 
erance  to  the  preparation  which  makes  an  increase  of  the  amount  of  the  sub¬ 
stance  used  necessary.  In  doses  greater  than  the  therapeutic,  eserine  b  very 
toxic,  iu  largest  sirtgle  dose  being  only  0.001  g,  and  the  lethaL  0.003  g. 
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Because  of  the  valuable  physiological  action  of  the  alkaloid  eserine  (physostigmine)  (I),  it  b  of  undoubted 
interest  to  prepare  simpler  substancescontalning  the  elements  of  its  suucture,  as  well  as  to  determine  the  value  of 
theseparate  elements  of  thb  structure  in  the  above  substances  for  the  presence  of  phyiological  action.  The  main 
interest  lies  in  a  search  for  those  analogs  of  eserine  which  would  lack  the  above  drawbacks.  After  a  definbe  rela¬ 
tion  between  the  physiological  activity  of  eserine  and  the  presence  of  the  methylurethane  (methylcarbamyl)  group 
in  its  structure  had  been  establbhed  [11  the  main  direction  in  the  search  for  synthetic  substitutes  for  eserine  die 
preparation  of  various  methylurethanes of  aromatic  aminophenob,  and  at  the  present  time,  the  conesponding  pyridine 
derivatives.*  However,  there  have  been  no  modifications  effected  up  to  now  in  the  structure  of  eserine  itself,  and  es¬ 
pecially  in  bs  heterocyclic  part,  bi  order  to  improve  the  therapeutic  properties  of  thb  subsunce. 


The  synthesb  of  the  sbnplest  indole  analog  of  the  alkaloid  eserine,  l-tnethyl-6-hydroxyiixJolbie  methylur¬ 
ethane  (II),  as  well  as  1.3-dimethyi'6-hydroxylndoline  (dOiydrophysostigmol)  mono  and  dimethylirethanes  (IH)  and 
(iV)  is  repeated  in  the  ];aesent  communication.  Incontrast  to  eserine,  these  substances  do  not  comain  a  second  pyr¬ 
rolidine  ring  in  theb  structures. 
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(HD  R  =  H: 
(IV)  R  =  CH,. 


See  monograph  [21  as  well  as  a  more  recent  paper  [31 


During  an  attempt  to  prepare  the  necessary  l-methyl-S-hydroxyindoline  (VIII)  from  l-roethyl-S-hydroxyindo- 
line-2-one  (V),  reported  in  the  literature  [41  according  to  the  scheme  shown  below.  It  was  found  that  the  reduction 
of  the  hydroxyindole  (VD  with  sodium  in  bmanol  led  to  the  condensation  of  2  molecules,  because  of  which  the  dl- 
indolyl  derivative  (DO  was  obtained  Instead  of  the  expected  l-methyl-5-methoxyindole  (VD): 


Zn 

HCl 
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For  this  reason,  a  different  route  was  used  for  the  synthesis  of  l-methyl<6-hydroxyindoline  urethane  (IQ 
starting  from  N-meihyl-p-ethoxypheiiylhydrazlne  (X)s 


The  first  scheme  proved  quite  satisfactory  for  the  preparation  of  1.3-dimethyl*5-hydroxyindoline  (dihydro- 
physostlgmol)  since  l,3*dimethyl-S-methoxylndoline-2-one  (XV)  gave  physostlgmol  methyl  ether  (XVI)  in  good 
yield  upon  treatment  with  sodium  and  butyl  alcohol  Therefore,  the  successful  synthesis  of  the  mono-  and  di¬ 
methyl  ti  ethanes  of  1.3-dimethyl-5-hydroxyindollne  (dihydrophysostigmol)  (El  and  IV)  can  be  expressed  by  the 
following  scheme: 
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The  following  values  for  the  threshhold  concentrations  of  substances  were  obtained  by  a  study  <rf  the  miotic 
acticMiupon  rabbits  of  the  analogs  of  serine  reported  in  the  present  coniinunication**  hydrochloride  (II)  *“1:2000, 
methiodide  (ID  -1: 1000,  hydrochloride  (ID)  -1;  100.000.  methiodide  (UD  -less  than  1: 1000,  hydrochloride  (IV)- 
less  than  1: 1000.  and  methiodide  (IV)  -less  than  1: 1000. 

EXPERIMENTAL 

1.  1 -Methyl-5-methoxyindoline -2-one  (VI), 


9.4  g  (1.00  mole)  of  technical  l-methyl-6-hydroxyindoline*2*one  [4]  was  dissolved  in  80  ml  of  a  65»  solution  of 
potassium  hydroxide,  filtered  from  tars,  and  7.5  g  (1.03  moles)  of  dimethyl  sulfate  added  with  stining.  The  mixture 
was  heated  on  the  water  bath  for  1  hour,  keeping  an  alkaline  reaction  by  further  addition  of  5^  potassium  hydroxide 
solution.  The  dense  oil  which  separated  upon  cooling,  was  extracted  with  chloroform,  the  extracts  dried  with  sodium 
sulfate,  and  the  solvent  removed.  The  residue  was  distilled  and  6.4  g  (62.T5t)  of  l-methyl-6-methoxyindollne*2-ooe 
with  b.p.  132  “136*  at  1  mm  was  obtained.  It  melted  at  96  -97*  [5)  after  recrystallization  feom  an  ether  methanol 
mixture . 

2.990  mg  substance:  7.430  mg  COj:  1.630- mg  Hp.  3.015  mg  substance:  7.490  mg  CO^  1.675  mg  Hp. 

2.565  mg  substance:  0.181  ml  N2(24*.  731  mm).  3.520  .mg  substance:  0.245  ml  N|(25*.  745  mm). 

Found  C  67.76.  67.70;  H  6.10,  6.20;  N  7.78,  7.81.  C^HiPtN.  Calculated  C  67.76;  H  6.26;  N  7.91. 

2.  Reduction  of  1 -Methyl -5-methoxyindoline-2 -one 

17  g  (20.5  g  atoms)  of  sodium  was  added  to  a  boiling  solution  of  6.4  g  (1.00  mole)  of  l-methyl-S-roethoxy- 
indoline-2-one  in  200  ml  of  butyl  alcohoU  The  reaction  mass  was  heated  to  reflux  until  the  stan  of  j^eclpitatloo 
of  sodium  butylate,  then  50  ml  of  butanol  was  added,  and  the  heating  was  continued  until  complete  solution  of  the 
sodium.  Upon  cooling,  the  solution  was  washed  several  times  with  ice  water,  and  the  alcohol  removed  in  vacujun. 

The  residue  was  shaken  with  30  ml  of  water  and  20  ml  of  ether,  the  crystals  which  separated  (A),  were  filtered; 
they  weighed  14  g  (24.2^)  The  ether  solution  was  washed  with  water,  dried  with  sodium  sulfate,  the  ether  re* 
moved,  and  residue  distilled  in  vacuum.  The  fraction  130-160*  at  2  mm  obtained  crystallized  After  recrystalliza* 
tlon  from  an  ether -methanol  mixture.  2.0  g  (31. 3f^)  of  a  substance  with  m.p  96-97*  was  obtained,  which  did  not 
give  depression  in  a  mixed  melting  point  determinati-on  with  the  staning  l-methyl-S-methoxyindoline^l-ooe. 

Substance  A  was  a  white  crystalline  material  with  an  m.p.  of  136-136.5*  after  two  recrysulllzatiom  from 
alcohol  using  carbon. 

3.035  mg  substance:  8.365  mg  COj;  1.670  mg  Hp.  3.000  mg  substance:  8.250  mg  CO^  1.665  mg  HP 

3.195  mg  substance:  0.250  ml  N,  (24*.  746  mm).  3.295  mg  substance:  0.250  ml  N|  (24*.  753  mm). 

5.375  mg  substance;  63.0  mg  camphor:  At  11.13*.  4.035  mg  substance;  36.9  mg  camphor;  Ax  14.13*. 

Found  C  75.16,  74.90;  H  6.16,  6.21;  N  8.83,  8.64;  M  307.  310.  Ci«H|PsN^  Calculated  C  74.96; 

H  6.30;  N  8.74;  M  320. 


The  substance  was  insoluble  in  water  and  in  aqueous  alkali  solutions;  it  dissolved  in  cold  concentrated 
hydrochloric  acid  but  precipitated  upon  the  additionof  water.  The  compound  gave  a  wine-red  cotor  with  a  pine 

•  The  investigation  of  the  physiological  activity  of  the  substances  synthesized  in  the  present  study  was  conducted 
in  the  S.  Ordzhonikidze  All-Uiion  Cheinico-Pharniaceutical  Scientific  Research  Institute  by  the  students  of  co-worker 
L  M.  Sharapov  under  the  direction  of  Prof.  M.  D.  Mashkovsky  to  whom  the  amhors  wish  to  express  their  sincerest 
r.pprcciation. 
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splinter  moistened  with  hydrochloric  acid.  The  picrate  was  obtained  in  alcoholic  solution  and  was  lecrystalUzed 
f»cm  alcohol.  It  was  a  dark  red  crystalline  substance  with  m.p.  109*. 

3.  Methyl-p-ethoxyphenylhydr azlne  (X) 

This  substance  was  prepared  by  means  of  a  method  similar  to  that  reported  for  methylphenylhydrazlne  [6J. 

The  yield,  based  upon  N-methylphenetidine,  was  55^,  b.p.  137-140*at  6  mm. 

literature  data  (7)  (b.p.  about  140*  at  12  mm)  evidently  result  from  a  ml»ure  of  hydrazine  (X)  and  N- 
methylphenetidine, 

4.  Methyl  “P-ethoxyphenylhydrazone  of  Pyruvic  Acid  (XI) 

17.0  g  (1.25  moles)  of  pyruvic  acid  was  mixed  with  a  solialon  of  25.6  g  (1.00  mole)  of  methyl -p -ethoxy 
phony Ihydrazlne  in  75  ml  of  acetic  acid.  After  standing  for  2  hours  at  room  temperature,  the  reaalonmLxttae 
was  cooled  and  the  crystals  which  separated  were  filtered  and  washed  with  cold  50^  acetic  acid  aitd  water.  After 
dryli^  In  vacuum.  32.8  g  (90.3^)  of  pyruvic  acid  mediyl-p-ethoxyphenylhjrdrazone  with  m.p.  68-70*  was  obtained. 

The  substance  melted  at  70.5 -71.0*  after  reciystallizatloa  from  aqueous  methyl  alcohol,  and  was  a  yellowish  crys¬ 
talline  substance. very  readily  soluble  in  the  usual  organic  solvents. 

2.935  mg  substance:  6.580  mg  CO,;  1.760  mg  Hp.  5.020  mg  substance;  6.740  mg  CO^  1.800  mg  Hp. 

2.710  mg  substance:  0.294  ml  N,  (25*.  724  mm).  2.825  mg  substance;  0.315  ml  N,  (25*  720  mm). 

Found  ‘Jfc;  C  61.14.  60.86;  H  6.71.  6.67;  N  11.82.  12.10.  CuHjP,N,.  Calculated  ^  C  60.98;  H  6.88; 

N  11.86. 

5.  l-Methyl-2-carboxy-5-ethoxylndole  (XII) 

A  solution  of  32.8  g  of  pyruvic  acid  methyl-p-ethoxyphenylhydrazone  In  165  ml  of  glacial  acetic  acid  was 
heated  for  5  minutes  at  60-65*  and  then  165  ml  of  water  was  added,  snd  the  reaction  mats  was  heated  for  IS  min¬ 
utes  more  at  60*.  The  precipitate  which  formed  upon  cooling  was  filtered,  the  filtrate  was  diluted  with  a  large 
amount  of  water  and  heated  to  boiling.  The  crystals  which  separated  upon  cooling  were  filtered,  combined  with 
those  previously  obtained,  and  dried  in  vacuum  over  potassium  hydroxide.  12.6  g  (41.4*1^)  of  1-methyl -2<arboxy- 
5<ethoxylndole  with  m.p.  185-187* (with  decomposition)  was  obtained.  After  several  recrystallizations  from  alco¬ 
hol  with  carbon,  the  substance  was  obtained  in  the  form  of  colorless  needles  with  m.p.  188*  (with  decomposition). 

3.100  mg  substance:  7.460  mg  CO,:  1.735  mg  Hp.  3.010  mg  subsunce:  7.225  mg  CO^  1.650  mg  HP 
5.445  mg  «ubstance:  0.314  ml  N,  (22*.  740  mm). 5. 485  mg  substance:  0.324  ml  N,  (22*  740  mm). 

Found  C  65.63,  65.46;  H  6.26.  6.13;  N  6.50.  6.66.  C-uH,p,N.  CalcuUied  C  65.72;  H  5.98; 

>  6.39. 

6.  1 -Methyl-5-ethoxylndole  (Xllf). 

12.6  g  of  technical  l-meihyl«2<aiboxy-5-ethoxylodole  >ias  heated  to  205 -210*  on  a  metal  bath  until  the 
evolizion  of  carbon  dioxide  stopped  (about  40  miiuites).  and  the  1 -methyl -5 -et boxy irtdole  formed  vacuum  distilled; 
the  distUlate  crystaUIzcd  rapidly.  8.7  g  of  a  colorless  substance  wUh  b.p.  145-148*  at  7  mm  and  nup.  82  -85*  was 
obtained.  Yield.  86.55»  After  recrysullizatlon  from  ether,  crystals,  with  m.p.  85-86*  [8)  were  obtained. 

3.050  mg  substance-.  8.450  mg  CO,;  1.990  mg  Hp.  3.015  mg  subsunce:  8.370  mg  CO,:  2.010  mg  Hp. 
3.975  mg  substance:  0.294  ml  N,(25*.  730jiim).  3.470  mg  substance:  0.254  ml  N,(25*,  730  mm). 

Found*^);  C  75.55.  75.70;  H  7.30.  7.46;  N  8.13^  8.05.  CuH,pN.  Calculated  C  75.38;  H  7.48;  N8.00. 

The  picrate  crystallized  from  alcohol  in  the  fwm  <rf  dark  red  scales  with  m.p.  96.0-96.5*. 

7.  1 -Methyl-5-hydroxyindolloe  (VIll^ 

8.7  g  of  l-methyl-S-cthoxyiixlole  was  added  to  90  g  of  ftnely  granulated  amalgamated  zinc  in  200  ml  of  con¬ 
centrated  hydrochloric  acid.  The  reaction  mass  was  refluxed  for  9  hours  while  a  stream  of  hydrogen  chloride  was  pass¬ 
ed  In,  and  then  for  2  hours  more.  Upon  cooling,  the  light  yellow  solution  was  decanted  from  the  residue,  and  neutral¬ 
ized  with  solid  sodium  bicarbonate.  The  free  base  was  extracted  with  ether,  the  extracts  evaporated  to  approximately 
100  ml,  washed  with  water,  and  dried  with  sodium  sulfate  The  residue  after  the  removal  of  the  ether,  was  dlstUled. 
and  2.89  g  (39.0^)  of  colorless.  l-me*yl-5-hydroxyindollne  with  b.p.  120-122  at  1  mm  and  m.p.  79-81*  was  obtained. 
After  recrystalllzauon  from  ether,  the  substance  was  a  white  powder  wUh  ra.p.  83  -  84*s  a  mixture  with  l-methyl-6- 
cthoxyindole  melted  at  63-65*. 
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3.035  mg  iub:tance;  8.050  mg  CO^  2,020  mg  Hp.  3.000  mg  iiistancc:  7.980  mg  CO^  1.990  mg  Hp. 
3.660  mg  substance:  0.324  ml  N,(24*.  730  mm).  2.320  mg  substance:  0.201  ml  N,(24*.  730  mm). 

Found  C  72.33,  72.53;  H  7.45.  7.42;  N  9.77.  9.56.  C,HiPN.  Calculated  %  C  72.43;  H  7.44;  N  9.39. 

The  plcrate  was  obtained  upon  mixing  hot  concemiated  solutions  of  the  base  and  picric  acid  in  alcoboL 
After  recrystallization  from  etharrol.  bright  yellow  crystals  with  m.p.  154-155* (with  decomposition)  were  obtained. 

The  hydrochloride  was  obtained  by  the  addition  of  an  alcoholic  hydrogen  chloride  solicion  to  a  hot  alcoholic 
solution  of  the  base.  The  crystals  which  formed  upon  cooling,  were  recrystallized  from  absolute  alcohol;  m.p.  of  the 
hydrochloride,  200-201*. 

3.085  mg  substance;  6.620  mg  CO^-  1.755  mg  Hp.  31010  mg  subsunce:  6.450  mg  CO^  1.725  mg  Hpt 
3.750  rag  substance;  0.2G0  ml  N,  (25*  731  mm).  3.920  mg  substaore;  0.274  ml  N,  (25*.  731  mm). 

Found  *>);  C  58.51.  58.43;  H  6.36.  6.41;  N  7.64.  7.70.  C,H,pNCl.  Calculated  Ifc;  C  58.23;  H  6.52; 

N7.54. 

8.  1 -Methyl-5-hydtoxylndollne  Methylurethane  (II) 

1  mg  of  sodium  was  added  to  a  solution  of  2.89  g  (1.00  mole  )  of  l*methyl54iydroxyindoline  in  20  ml  of  ab¬ 
solute  benzene,  and  when  the  evolution  of  hydrogen  had  stopped,  a  solution  of  2.8  g  (2.53  moles)  of  methyl  isocyan¬ 
ate  (b.p.  39  -41*)  [11]  in  6  ml  of  absolute  benzene  was  added.  The  mixture  was  left  to  stand  for  three  days  in  a 
tightly  stoppered  bonle  at  room  temperature,  filtered  from  a  small  amount  of  a  residue,  and  evaporated  in  vacum. 
After  recrystallizatlon  of  the  residue  from  ether.  3.34  g  (83.65>)  of  colorless  1 -methyl-5 -hydroxyl ndoline  methyl- 
urethane  with  m.p.  95.5  -96.5*  was  obuined;  a  mixture  with  1 -methyl-5 -hydroxyindollne  melted  at  53-57*. 

3.135  mg  substance:  7.390  mg  CO^:  1.910  mg  Hp.  3.010  mg  substance:  7.090  mg  COp  1.850  mg  Hp. 
2.695  mg  substance:  0.324  ml  N](25*.  745  mm).  2.320  mg  substance:  0.274  ml  N2(23*  748  mm). 

Found  C  64.28.  64.24;  H  6.82,  6.88;  N  13.50.  13.40.  CuHiPiNi  Calculated  C  64.04;  H  6.861 
N  13.58. 

The  pier  ate  melted  at  138  -139*  after  recrystalllzation  from  alcohoL 

The  hydrochloride  was. obtained  from  an  ethereal  solution  of  the  base  and  an  alcohol  solution  of  hydrogen 
chloride.  After  recrystallizatlon  from  butyl  alcohol,  a  white  powder  with  m.p.  152-153*  was  obtained. 

3.025  mg  substance:  6.055  mg  CO|:  1.625  mg  Hp.  2.995  mg  substance:  5.955  mg  CO^  1.615  mg 
Hp.  1.910  mg  substance:  0.196  ml  N|(24*.  746  mm).  2.285  mg  substance:  0.235  ml  1^(24*  746 
mm).  Found‘d;  C  54.58.  54.22;  H  6.01.  6.03;  Nl\58.  11..6-.  CuHuP,Npi.  Calculated  C  54.41; 

H  6.23;  N  11.54. 

The  methiodide  was  obtained  in  ethereal  solution  and  recrystallized  from  absolute  bixancl;  colorless 
ciystals  with  m.p.  205  -206*  were  obuined. 

9.  1.3-Dim^thyl-5-methoxyindollne-2-one  (XV). 

It  was  obtained  from  technical  1,3-dlmcthyl -5-hydro xyindole  [9]  with  a  yield  of  65^  by  cleans  of  a  method 
analogous  to  that  reported  above  for  the  synthesis  of  l-methyl-5-rtethoxyindoline-2-one  (VI)-  After  recrynallizatloa 
from  ether,  it  had  a  m.p.  of  86*  and  a  b.p.  of  180 -182*  at  15  mm. 

2.985  mg  substance;  7.585  mg  CO^  1.845  mg  Hp  3.650  mg  substance:  0.245  ml  N,  (20*.  744  mm). 

Found  ‘Jb;  C  69.29;  H  6.91;  N  7.65.  CuHjPaN.  .Calculated  C  69.08;  H  6.85;  N  7.33 

10.  1, 3-Dimethyl-5-methoxyindole  (XVI)  (Physostigmol  Methyl  Ether) 

15  g  (1  mole)  of  1.3-dimethyl-5-mcthoxyindoline-2-one  was  reduced  %rtth  50  g  (27.6  g  atoms)  of  sodium  in 
500  ml  of  absolute  butyl  alcohol  in  the  same  manner  as  reported  foi  l-methyl-5-fflethoxyindoline-2k)ne.  The  residue, 
after  the  removal  of  the  alcohol,  was  dissolved  in  50  ml  of  chloroform,  the  solution  washed  with  water,  the  solvent 
removed,  and  the  residue  distilled.  10.9  g  of  a  substance  with  b.p.  159  -162*  at  14  mm  was  obtained  Yield.  9.3^ 
After  recrystallizatlon  from  ether,  the  m.p.  was  60-61*  (lOJ. 

The  picrate  was  prepared  in  alcoholic  solution  aixi  recrystallized  from  alcohol.  It  was  a  dark  red  crysullme 
subsunce  with  m.p.  116-117*. 
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11.  1, 3-DlmethTl -S-hydroxyindoliDe  (XVII)  (Dlhydrophysoitigmol) 

10.9  g  of  pbysostigniol  methyl  ether,  100  g  of  amalgamated  zinc,  and  250  ml  of  concentrated  hydrochloric 
acid  verc  heated  ander  the  conditions  reported  for  the  prepara  tion  of  l«methyl-5-hydroxylndoline.  The  residue  after 
evaporation  of  the  ether  extract  crystallized.  It  was  washed  from  an  oil  dike  impurity  with  cold  chloroform,  and 
5.18  g  (51.0^)  of  colorless  dihydtophysosilgmol  with  m.p.  92  -94*  was  obtained  After  tecrystalllzation  from  ether, 
it  had  an  m.p.  99*. 

3.0i5  mg  substance;  8.100  mg  COjS  2.180  mg  Hfi.  4.130  mg  substance:  0.324  ml  (21*.  735  mm). 

Fotnd  C  73.26;  H  8.09;  N  8.80.  Calculated^:  C  73.62;  H  8.04;  N  8.59. 

The  picrate  was  obtained  in  the  usual  manner  and  xecrystallized  from  alcohol:  it  had  a  m.p.  of  165  -166*. 

The  hydrochloride  was  prepared  in  ether  solution.  It  c  ;9tallized  from  ethanol  in  the  form  of  colnrless 
crysu  Is  wlura""mIprorT69  -170*. 

2.915  mg  substance;  6.455  mg  CO,;  1.870  mg  Hp.  3.160  mg  subsuncc:  7.020  mg  CO,;  2.050  mg  Hp 

4.885  tpg  substance:  0.324  ml  N,(21*.  724  mm).  4.090  mg  substance:  0.2S4  ml  N,{25*,  728  mm). 

Foi»d  It:  C  60.39.  60.58;  H  7.18,  7.26;  N  7.33,  7.08.  C,,H^NCL  Calculated  C  60.32;  H  7.08; 

N  7.03. 

12.  1, 3-Dlmethyl -5-hydroxylndollne  Methyl  urethane  (Ill)  (Dlhydrophysostlgmol 
Methylurethane). 

1  of  sodium  was  added  to  a  solution  of  2.0  g  (1.00  nrnle)  dihydrophysostignMsl  in  20  ml  of  absolute 
benzene,  and  after  the  evolution  of  hydrogen  stopped.  1.7  g  (2.43  moles)  of  methyl  isocyanate  [11]  in  10  ml  of 
benzene.  After  standing  for  24  hours  at  room  temperature,  the  solution  was  filtered  and  evaporated  In  vacuum. 

The  residue  crystallized  slowly.  After  tectystallization  from  60^  alcohol.  2.26  g  (83.75>)  of  colorless,  dihydto- 
physostigmol  methylm ethane  with  m.p,  75-76*  was  obtained  A  mixtnre  with  dihydiophysostigmol  melted  at 
48-52*.  , 

2.970  mg  substance:  7.130  mg  CO,;  1.910  mg  Hp.  3.040  mg  substar>ce;  0.358  ml  N,  (25*.  734  mm). 

Found  C  65.46;  H  7.20;  N  13.04.  CjPiP,N,.  Calculated  %  C  65.45;  H  7.33;  N  12.73. 

The  picrate  was  obtrined  in  alcoholic  solution  and  rectystalUzed  from  80^  alcohoL  It  had  a  m.p.  of 
127*:  a  mixture  with  picric  acid  melted  at  92-94*. 

The  methiodide  was  obtained  from  a  methanollc  solution  with  eacets  of  methyl  iodide.  After  recrystal- 
lization  from  alcohol  colorless  crystals  with  m.p.  178.0 -178.5*  (with  decomposition)  were  obtained. 

The  hydrochloride  was  obtained  from  an  ethereal  solution  o!  the  base  and  an  alcoholic  hydrogen  chloride 
solution;  it  crystallized  from  alcohol  in  the  form  of  colorless  prisms  with  m.p.  168-168.5*  (with  decomposition). 

2.955  mg  substance:  6.090  mg  CO,:  1.700  mg  Hp.  3,650  mg  substance:  0.362  ml  N,  (22*,  724  mm). 

Found  C  55  86;  H  6.44;  N  10.93.  CnHiPjNpi.  Calculated  Ik:  C  56.12;  H  6.68;  N  10.9L 

13.  1, 3-Dimethyl-5-bydroxylndoline  Dlroethylutethane  (IV)  (Dlhydrophysostlgmol 
Dimethylurethane)  i 

2.0  g  (1.00  mole)  dihydrophysostlgmol.  4.0  g  (3.03  nK)les)  of  dimethylcarbamyl  chloride  (b.p.  165.5- 
166.5*),  and  10  ml  ci  dry  pyridine  was  heated  for  3  hours  on  a  metal  bath  at  140-145*.  Upon  cooling  the  reac¬ 
tion  mass  was  evaporated  in  vacuum,  10  ml  of  water  was  added,  and  again  evaporated.  This  operation  was  re¬ 
peated  3-4  times  more,  and  then  40  ml  of  ether  and  20  ml  of  a  10^  potassium  hydroxide  solution  were  added. 
The  ether  solitioo  was  washed  with  water,  dried  and  the  ether  renx>ved.  1.5  ml  of  20‘)k  hydrochloric  acid  was 
added  and  the  mixture  left  in  vacuum  over  potassium  hydroxide  imtil  complete  solidification.  After  rectystal- 
lizatioD  from  absoltze  alcohol.  2.35  g  (70.8^)  of  colorless  dihydrophysost^noldimethylurethane  hydrochloride 
with  m.p,  188.5-189.0*  was  obtained. 

3.140  mg  snbstaxKe:  6.685  mg  CO,;  1.960  mg  Hp.  3.360  mg  substance:  0.318  ml  N,  (21*. 

724  mm).  3.130  mg  subaance:  0.294  ml  N,(23*.  732  mm).  Found  C  58.06;  H  6.98; 

N  10.46,  10.27.  CaHjPiNpi.  Calculated  C  57.65;  H  7.08;  N  10.35. 
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The  base,  isolated  from  the  hydrochloride  by  ireatraent  with  cold,  saturated  sodiuiti  bicarbonate  solution, 
was  a  thick,  colorless  oil  which  was  readily  aolii}le  in  the  usual  organic  solvents 

The  plcrate  was  prepared  in  alcoholic  solution  and  recrystallized  from  alcohol:  yellow  needles  with  a 
m.p.  of  123.5  >124.0  were  obtained  (a  mimcie  with  picric  acid  melted  at  78-80*). 

The  ntethiodide  was  obtained  by  ceding  an  acetone  solution  of  the  base  with  methyl  iodide.  It  crystal¬ 
lized  &<Mn  alcohol  in  the  form  of  shiny  needles  with  an  m.p.  of  20G-207* 

3.010  rag  substance:  4.960  mg  CO,;  1.550  mg  Hfi.  3.035  mg  substance:  i.990  mg  CO^  1.435  mg  Hp. 
5.540  mg  substance:  0.377  ml  (21*.  724  mm).  4.670  mg  substance:  0.324  mg  (25*,  728  mm). 
Foimd  %  C  44.93,  44.83;  H  5.75,  5.29;  N  7.52.  7.61.  Ci4H,p,N,L  Calculated  C  44.67;  H  5.63; 
N7.45. 

SUMMARY 

The  synthesis  of  the  following  analogs  of  the  alkaloid  eserinc  was  effected;  l-methyl-S-hydroxyindoline 
metbyltrethane.  and  l,3"dlmeihyl-&-bydroxyindoline  (dihydrophy$<^tC>-’<'l)  .''.ethyl- r.nd  dimethylurethanes. 
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REACTION  OF  HYDROGEN  SULFIDE  WITH  ACETYLENIC  AND  VINYLACET YLENIC  OXIDES 

II.  SYNTHESIS  OF  PHENYLTHIOPHENES 

P-  Yr  ?.;irv.;cv  ^n*  N.  1  Ku:!>'y.^shovr 

O 

r.ccv'nily,  it  wai  shown  [1]  that  acetylenic  oxides  of  the  type  R-C=C'  CH— R"  were  convened  into  the 

R* 

corresponding  homologs  of  thiophene  by  reaction  with  hydrogen  sulfide  in  the  presence  of  Ba((>ll)|.  In  order  to  ex¬ 
tend  the  study  of  this  reaction,  it  was  considered  desirable  to  determine  whether  or  not  oxides  containing  a  phenyl- 
group  as  a  substitutent  for  an  acetylenic  hydrogen  would  cyclize  under  these  conditions.  The  following  oxides  were 
used  for  this  study  (see  Table). 

The  synthesis  of  these  oxides  was  effected  from  the  chloioalcohols  which  were  obtained  by  lotsich’s  method 
The  oxides  are  mobile,  colorless  liquids  with  a  faint  odor,  which  yellow  upon  storage  in  the  air.  They  are  not  very 
stable  thermally;  upon  heating  at  ordinary  pressure,  they  rap.Jly  polymerize.forming  solid  tar-like  products  which 
are  insoluble  in  water,  ether,  and  acetone.  Upon  vacuum  distillation  (2  -10  mm),  it  is  necessary  to  take  small  por¬ 
tions  (20-25  g).  Upon  using  larger  amounts,  not  more  than  60*^  can  be  distilled;  the  rest  polymerizes.  The  process 


Oxide 

Formula  ‘ 

' - m - 

df 

MRn 

No. 

(in  •) 

“d 

found  'calculated 

(0  I 

C,H,-C=eC-C(CH,)-CH,  (2) 

1 108  -109  at  8  mm 

r . —  ' 

1  1.5552 

j  1.0278 

49.21  >  4703 

! 

(n) 

1 

*  CjHj”G^sC-^C2H|)~^Hj 

! 

111-112  at  4  mm 

1.5520 

f 

1.  0112 

1 

1 

54.33  5210 

(no 

!  :  1 

C^j-C=C-C(CH,)-CH-CH,  [3)  j  121  -122  at  8  mm 

1  ‘ — 0-J  i 

n”  1.5435 
a 

i 

1 

’dj’  1.0220 

1  1 

'  53.2  5L2 

1 

of  polymerization,  evidently,  is  accelerated  by  the  polymerization  products  which  are  obtained  during  the  process 
of  the  reactioa since  only  a  small  amount  of  tarring  occurs  upon  redistillation. 

A  colorless  liquid  with  a  faint  odor  and  with  a  b.p.  of  123 -124*  at  5  mm:  n^  1.6299.  dj*  1.1102;  .a.p. 
16.5-17*  corresponding  to  a -phenyl -0'- met  hylthlophene  [4).  was  obtained  by  the  reaction  between  hydrogen  sul¬ 
fide  and  2-methyl-4i;>henylepoxy-1.2-butyne-3  (I).  A  mixed  melting  point  gave  no  depression. 

The  subsunce  synthesized  dissolves  in  strong  sulfuric  acid,  gives  a  violet  color  with  isatin  sulfate,  and 
forms  a  white  precipitate  with  a  m.p.  of  177-179*  with  mercuric  acetate. 

a-Phenyl-fl’-ethylthioj^ene  was  obtained  by  the  reaction  of  2-«thyl-4-phenylepoxy-l,2-butyne-3  (H)  with 
hydrogen  sulfide  The  product  has  a  b,p.  of  125-126*  at  3  m  n.  ng  1.6115,  df  1.0779.  It  dissolves  in  strong, 
sulfuric  acid,  gives  a  violet  color  with  isatin  sulfate,  and  fonns  a  precipitate  with  an  m.p.  of  194-196*  with  mer¬ 
curic  acetate. 

a-Phenyl-a’.O’-dimcthylthiophcne  was  formed  under  the  same  conditions  by  the  reaction  of  hydrogen  sul¬ 
fide  with  3-methyl-5-phenylepoxy-2.3-pentyne-4  (111).  The  substance  synthesized  was  a  yellowish  liquid  with  a 
b.p.  of  139-140*  at  5  mm  which  crystallized  in  the  receiver;  m.p.  30-31*.  It  gives  a  grape  color  wUh  isatin  in 
strorrg  sulfuric  acid  It  forms  a  white  precipitate  with  mercuric  acetate,  which  decomooses  at  240  . 

The  formation  of  phenylalkylthiophenes,  therefore,  has  also  been  effected  according  to  a  previously 
suggested  scheme  [1). 

EXPERIMENTAL 

1.  Preparation  of  2-Ethyl -1 -chloro-4-pheny Ibutyne -3-ol-2 

80  g  of  l<hlorobuunone-2  was  added  to  of  a  mole  of  i^enylacetylenyl  magnesium  bromide  in  400  ml 


of  absolute  ether.  The  reaction  mixture  WM  left  tunrting  overnight  and  then  decomposed  with  30^  acetic  acid. 

The  ether  soluion  was  dried  wUh  MgSO^J  the  ether  was  removed  and  the  remaining  product  vacuum  distilled 
Two  fractions  were  isolated;  1  -  unreaclfd  phenylacetylene.  14  g  quantity,  and  2  -  a  chloxoalcohol  with  a  b.p. 
of  140-141*  at  5  mm,  68  g;  n”  1.5578,  df  1.1067;  MRp  60.77.  CnH^pClTa^.  Calculated:  MRp  58,41. 

0.1298,  0.1524  g  substance;  16.6,  17.6  ml  CHaflS.b*.  764.3  mm).  0.4168,  0.2005  g  substance: 

0.2835,  0.1358  g  AgCl.  Found  1^1  Act.  H  0.499.  0.499;  Cl  16.82.  16.75.  Calculated^:  Act.H 
0.483;  Cl  16.99. 

2.  Preparation  of  Oxide  (llL 

A  colorless,  mobile  liquid  with  I  f»i«  odor  was  obtained  by  the  treatment  of  the  chloroalcohol  with 
powdered  KOH  in  ether  solution. 

0.1132,  0.1054  g  subsunce:  0.3487,  0.3222  g  CO*;  0.0729.  0.0672  g  Hp.  Found  C  83.58,  83.42t 
H  7.21,  7.13.  Cj^^.  Calculated  C  83.68;  H  7.02. 

3.  Preparation  oT  a -Pheny  1 -8  * »»nethylthiophene 

100  ml  of  water.  15  g  of  Ba(OH}^  and  15  g  of  oxide  (D  were  placed  into  a  round -bottomed  flask  with  a  mech¬ 
anical  stirrer.  Hydrogen  sulfide  was  passed  into  the  reaction  mlxtiae  for  2.5  houn  at  70-80*  (until  the  disaj^arance 
of  the  iq>per  layer  of  the  oxide).  Then  tho  calculated  amount  of  acetic  acid  was  added.  The  solialon  was  extracted 
with  ether,  the  ether  layer  separated,  dtlod  with  CaCl^  then  with  metallic  sodium,  and  vacuum  distilled.  9  g  of 
a-phenyl-6'-methylthlophene  (54.5^)  Wil  obtained. 

Found;  MRjj  55.84.  CijH|^F>  Calculated:  MRp  54.05. 

0.3930,  0.3131  g  substance:  0.6218,  0.4133  g  BaSO^  Found  1^:  S  18.23.  18.13.  C^Hj^. 

Calculated  S  18.40. 

4.  Preparation  of  c -Phenyl -8 *  "Cthylthiophenc 

150  ml  of  water.  20  g  of  Ba(OH}p  and  20  g  of  oxide  (n)  were  used.  The  hydrogen  sulfide  was  passed  In  for 
4  hours  at  60*.  14.5  g  of  a  sil>stance  (66.3^)  vras  isolated  which  was  also  redistilled  over  metallic  sodium. 

Found:  MI^  60.80  CjsHqSFi.  Calculated:  MRq  58.80. 

0.2918,  0.2792  g  subsunce:  0.3837,  0.3511  g  BaSO^  Found  5»;  S  17.12.  16.88.  CqHj^. 

Calculated  S  17.03. 

5.  Preparation  of  a -Phenyl»fl*>8**tliittethyUhlopheBe 

150  ml  of  water,  20  g  of  Ba(OH)|  and  25  g  of  oxide  (HU  were  used.  17  g  of  phenyldimethyUhiophene 
(62.9^)  was  isolated  after  distillation  of  metallic  sodium  in  vacuum. 

0.2342,  0.1989  g  substance:  0.2886,  2440  g  BaSO^  Found  Ik:  S  16.92,  16.85.  C||H]^. 

Calculated  %  S  17.03. 

SUMMARY 

1.  a -Phenyl-6 ’-methylthiophene,  «-phenyl-6*-cthylthk>phene,  and  a-phenyl-a'.B'-dlmethylthlo- 

phene,  previously  unreported  in  the  liicfalwe,  were  prepared  by  the  reaction  of  hydrogen  sulfide  with  the  follow¬ 
ing  oxides,  respectively:  2-mcthyl-4-phcnylepoxy-1.2-butyne-3.  2-cthyl-4-5*enylepoxy-1.2-butyne-3.  and  3-methyl- 
5 -phenyl  epo  xy-2. 3 -pentyne-d. 


2.  The  foypatioa  of  alkyl-,  vlnyK  and  phenylthlophenes  from  acetylenic  and  vinylacetyleaJc  oxides  of 

the  type  R-C^ — CH-R-  by  the  action  of  hydrogen  sulfide  In  the  presence  of  Ba(OH)^  appears  to  be  a  general 
R* 


reaction. 
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STRUCTORE  AND  TRANSFORMATIONS  OF  N-NITROTRIAZINES 
L  DIARYL-N-NITROTRIAZINES 


N.  M.  Baitnchik,  I.  V.  Grachev,  and  D.  Z.  Zavelsky 


Among  the  various  forms  of  diazo  compounds,  a  neutral  compound  has  been  known  for  a  long  rimi>  and 
has  been  eaoneously  regarded  as  an  aryl  nitrosoaraine  [2X 

One  of  the  authors  [3]  investigated  this  neutral  compound  by  potectiometilc  titration  and  by  other  methods^ 
and  showed  that  it  was  N*aiuosoiriazine  (or  diazonitrosoamlnate).  N-Nltrosotriazine  is  readily  formed  by  rn lying 
equimolecular  solutions  of  a  diazocompound  and  a  nitrosoaminic  acid. 


Ar'NpH  ♦  Ar'NHNO-*'  AfNiN-Ar"  ♦  Hp. 

NO 


(D 


It  is  also  formed  by  a  spontaneous  tautomeric  nansformation  of  diazodiazate  or  a  nitrosoaminic  acid.  N- 
Nitrosotriazine  is  very  unstable:  it  dissociates  into  the  starting  componeno  readily  in  aqueous  solution,  and  fonm 
an  azo  compouird  by  action  of  its  active  diazo  form  on  the  azo  component:  upon  standing,  it  eliminates  the  nitroM 
group  to  form  nitrous  acid  and  diazoamino  compounds,  and  is  converted  into  other  forms  of  diazo  compounds  by 
changes  in  the  pH  of  the  medium. 

One  of  the  authors  [4]  first  obtained  a  compound  of  a  new  class.  Neulfatouiazine,  by  the  condensation  of  aa 
active  diazo  compound  with  sulfaminic  acid  and  substituted  sulfaminlc  acids: 

R 

ArNpH  +  RNHSO,Na-a>  ArN=NN^  (2) 

SO,Na 

It  was  found  that  trlazine-N-sulfonic  acids  were  unstable,  and  in  a  manner  similar  to  N-nitrosouiazines, 
could  decompose  into  the  staning  components  or  eliminate  a  sulfo  group,  the  ease  of  either  uansformation  depeii!« 
ing  upon  the  nature  of  the  t^aziite  radicals. 

N-Fdtrotriazine  has  not  been  known  up  to  now.  b  could  be  supposed  that  Nubrtxriazine  could  be  obtaiiied 
by  the  condemation  of  active  diazo  compounds  with  niuoaminic  acid  in  analogy  to  N-nbrosouiazines  and  N-s«iIfb- 
triazinet: 

R 

ArNpH  ♦  RNHNO,*-»  ArN=NN^  (31 

NO, 

There  are  a  large  number  of  papers  [5]  on  nitramlnes  because  of  theb  resemblance  to  diazo  compounds  and 
application  in  several  paru  of  industry.  As  is  shown  by  G.  S,  Salyamoo,  I  V.  Grachev,  and  B.  A.  Rorai-Koshits  [6). 
arylnitramines  have  the  structure  ArNHNO^  and  are  true  acids  (arylnbraminic  acids)  which  are  close  in  strength  to 
the  carboxylic  acids  and  are  capable  of  giving  salts  of  the  suucture  ArNMeNO,.  By  the  action  of  acids,  arylnixra* 
mink:  acids  ate  transformed  into  the  cone!>ponding  ititroanilines  by  the  transposition  of  a  niuo  group  into  the  rin^ 
and  into  the  basic  oxodiazohydrates  ArN=NCOH. 


However,  in  spbe  of  the  similarby  of  the  arylnltraminic  acids  to  diazo  compounds,  theb  reactions  have  net 
been  studied  sufficiently,  b  b  only  known  that  in  certain  cases  thb  reaction  leads  to  azo  coupling  in  the  para  posi¬ 
tion  to  the  nitramino  groups  [1]: 


ArNpH  ♦ 


NHNO,-^  ArN=N- 


There  are  no  other  reactioiu  between  diazo  compounds  and  arylnitraminic  acids  reported  in  the  Utetature. 


The  aim  of  the  present  Investigation  was  the  preparation  of  diaryl -N-nltxotrlazinei  by  the  reaction  of  active 
dUzo  compounds  with  arylnluaminlc  acids.  The  simplest  of  the  nitramine  class,  phenylnitraminlc  acid,  and  the 
following  diazo  compounds  were  chosen  for  the  reaction:  p-nitroi^nyl-,  p-sutroo'chloropbenyl-,  and  p-chloro«- 
niirophenyldiazonium.  These  diazo  compounds  were  chosen  because  the  presence  of  an  electron-attracting  gioap 
in  their  phenyl  ring  iruuet  their  diazo  coupling  activity  with  such  weakly  basic  amines  as  phenylnitramines. 

The  reaction  between  phenybutraniiic  acid  and  the  diazo<ompounds.  used  in  equimolecnlar  amounts,  was 
conducted  in  a  weakly-acidic  medium  (pH  5-6).  The  isolated  condensation  product  could  not  by  crystallized  and 
analyzed,  N^-ra  itie  of  its  poor  solubility  in  most  solvents  and  iu  instability. 

New  nitraminic  acids  were  isolated  from  the  residue  and  from  the  solution,  which  contaiited  aryl  nuclei 
corresponding  to  the  diazo  compound  participating  in  the  reaction.  In  addition,  the  same  new  diazo  compound 
was  isolated  in  all  cases,  which  had  an  aryl  radical  corresponding  to  the  nitraminic  acid  participating  in  the  reac¬ 
tion.  namely,  pbenyldlazonlum.  p-lfltto phenyl-,  p-nluo-o<hlorophenyl-,  p<hloro-o'm«ophenylnitraminic  acids  isolated 
from  the  reaction  mixtures  were  obtained  in  the  form  of  crystalline  products  which  were  readily  identified,  nrenyl- 
dlazonium  was  determined  by  azo  coupling  in  the  form  of  phenyl  azoWS  -naphthol.  as  well  at  transformation  into  phenol, 
and  then,  into  uibromophenoL 


The  appearance  of  the  compounds  isolated  in  the  reaction  products  Indicated  the  formation  of  dlaryl-N- 
nitiouiazine  which  readily  hydrolyzes  with  the  formation  of  the  new  nitraminic  acid  and  diazobenzene  accord¬ 
ing  to  the  following  reactions: 


NO; 


-N/3  ♦  a  NHNO,  — W  NO  -O  N=N-  rO  s-NO,  O  ^N=  ■O 

NO,  NO. 


HOH 


-O  NHNO,  4  O  K'PH 


(4) 


The  authors  were  first  to  observe  the  "transition*  of  the  N-nitto  group  from  the  nitrogen  to  aiKsther  nitrogen 
of  the  triazine  which  is  combined  with  the  nucleus  having  the  electron-attracting  substituents, as  shown  in  equations 
(4).  (6).  and  (6). 

The  asymmetric  disubstiticed  triazine  is  subjected  to  tautomeric  transformatioas  [8)  which  are  due  to  the 
movement  of  the  imldc  hydrogen  from  one  nitrogen  of  the  uiazlnc  chain  to  the  oihc;  which  Is  combined  with  die 
nucleus  having  the  electron  attracting  substituent: 


R*-N=N-NH-R“  — ^  R‘-NH-N=N-R". 

In  q>ite  of  the  large  nunber  of  investigations  in  this  field,  there  is  not  a  single  idea  relative  to  the  mechan¬ 
ism  of  the  taiiomeric  transfonnatlon  of  diazoamino  compounds  up  to  now.  It  seems  apparent  that  the  position  of 
the  imldc  hydrogen  depends  on  the  nature  of  the  radicals,  as  well  as  on  the  pH  of  the  medium  in  which  the  triazine 
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•A  ^*-7  metallic  salts  of  the  triazines  [10]  showed  that  these  salts  can  be  represented  as  internal  coni” 
plexes  in  the  trlazine  system  is  the  chelating  part  of  the  molecule.  On  the  basis  of  the  study  of  the  molecular 
weig^  of  ibe  triazines  [11],  it  was  shown  that  the  trlazine  molecules  are  associated  in  solution,  and  possibly,  in 
solid  state.  Two  forms  of  associaticc  are  suggested,  linear  and  cyclic. 


If  the  imide  hydrogen  in  the  diazoamino  compound  is  substituted  by  an  alkyl  radical,  it  loses  its  ability  far 
tautomeric  transformation.  Thus,  a  comfiound  with  a  single  con^iosition  with  m.p.  28*  was  obtained  from  N”mer.hyl” 
toluidine  azxd  diazobenzene  [12],  another  with  nup.  67*  from  N-methylaniline  and  diazotoluene.  Both  of  these  iso¬ 
meric  congjoands  showed  no  tendency  to  tautomeric  changes: 


y—lIHCH,  ♦  ^  ^ — N/:i  — *•  CH,  ^  N-N=N— ^ 

CH^— ^  NjCl  ♦  CHjNH — /  ^  N=N-N— y 

m.p.  67*.  CH* 


(7) 

(8) 


Analogous  isomeric  compounds  with  a  fixed  ethyl  group  which  are  incapable  of  uutomeric  transformation 
[13]  can  be  cited  as  another  example:  one  compound  obtained  by  the  coupling  of  m-nitrobeazene  with  ethyl-p- 
nitroaniline:  another,  by  the  coupling  of  p-niuodiazobenzene  with  m-nitroethylaniline.  However,  if  the  diazo¬ 
amino  compounds  themselves  are  alkylated,  then  a  mixtiae  of  both  compounds  is  obtained. 

It  rest  be  mentioned  that  the  methyl  and  sulfo  groups  in  arylmethylsulfotrlazines  occupy  strictly  fixed 
definite  positions,  and  the  compounds  do 'not  possess  tautomeric  properties  [4], 

However,  there  is  one  paper  [14]  in  which  the  migration  of  an  acyl  radical  is  reported.  Thus,  camphoryl- 
pbenyltriazise  was  obtained  by  the  coupling  of  aminocamphor  with  diazobenzene,  which  was  assigned  structure  (b)  on 
the.  basis  cf  the  investigation  of  the  decomposition  products  .even  though  structure  (a)  should  have  been  assigned 
to  It  accordizg  to  the  method  of  preparing  it. 


C,H^ 


!~NH-N=N^  ^ 


C|Hi4 


CO  ; 

CH-N=N-NH 


O 


(b)  forms  the  urea  derivative  (c)  by  treatment  with  phenyl  isocyanate,  which  is  transformed  into  compound 
(d)  by  beaiizg  in  pyridine  solution  and  by  the  action  of  light:  _ 


,CH-N=N-N  <3 
“lo  “-O 


ch-n-n=n(  ) 

I  I  ^ 

“LnhQ 


The  movement  of  the  phenylcarbamide  group  was  detected  by  an  investigation  of  the  decomposition  prod¬ 
ucts  and  ^  sharpry  different  optical  properties  of  compounds  (c)  and  (d). 

The  ^Htitrotriazine  obtained  must  have  suucture  (e)  according  to  the  method  of  prepax2i».  It  can  be  sup¬ 
posed  that  tie  trlazine  undergoes  an  intramolecular  redistribution  of  the  electronic  density  by  the  action  of  the  el¬ 
ectron  attracting  group  of  the  aromatic  radical  as  a  result  of  which  the  niiro  gfoup  moves  to  the  other  nitrogen.  A 
new  triaziae  structure  (f)  is  formed  to  which  the  decomposition  products  correspond. 
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with  the  presence  of  association  of  the  molecules  of  N-nitrotriazinei.  the  movement  of  the  niiro  group,  viewed 
as  an  intermolecular  interaction,  becomes  more  probable.  The  scheme  of  such  a  movement  explaining  the  appearance 
of  compouiidi  indlcatlr^  the  transposUIon  of  the  nltro  group  in  the  reaction  products  can  be  shown  simply  in  the  follow¬ 


ing  form: 


0=N  N=0 

^  y->N-N=N - ^  ^ - NO, 


N=*=0 


0=N 

'  Vn=n-n— '  > 

\ _ /  \  -J 


(12) 


Hydrolysis  of  the  N-niirotriazine  occurring  with  the  elimination  of  nitric  acid  and  tie  formation  of  a  new  N- 
nitrotriazinc  by  nitration  with  the  niuic  acid,  af^ais  less  probably  since  diazoamino  compounds  were  not  detected 
in  the  products  of  the  reaction. 


EXPERIMENTAL 


1.  Condensation  of  phenylnitraminlc  acid  with  diazo  compounds.  A  solution  consisting  of  1.60  g  of  the 
sodium  salt  of  phenylnitraminlc  acid  (0.01  mole  ).  25  ml  of  water,  and  25-40  ml  of  a  concentrated  acetate  buf¬ 
fer  solution  having  a  pH  of  6  and  containing  125  g  of  potassium  acetate  and  30  ml  of  glacial  acetic  acid  in  200  ml 
of  solution,  was  charged  into  a  round -bottomed  beaker  fined  with  a  stirrer.  The  nitraminlc  acid  was  synthesized  by 
the  oxidation  of  the  nitrosoamlnate  of  the  corresponding  diazocompound  in  alkaline  medium  [15].  •  The  reaction 
beaker  was  cooled  externally  with  ice  so  that  the  temperature  of  the  soluion  was  about  5*.  and  a  solution  of  the 
diazo  compound  (0.01  mole)  was  added  with  rapid  stirring  over  a  15-minute  period.  The  diazo  compound  was  pre¬ 
pared  by  the  dlazotization  of  0.01  mole  of  the  corresponding  amine  [161  freed  from  excess  nitrous  acid,  and  were 
used  in  the  form  of  hydrochloric  acid  solutions  containing  0.01  mole  of  the  diazo  compound  and  a  2-fold  excess  of 
hydrochloric  acid, for  the  reaction. 

In  order  to  neutralize  the  acid  introduced  with  the  diazo  compound  solution  (0.02  mole)  and  freed  during 
condensation  process  ^0.01  mole),  it  was  necessary  to  add  potassium  bicarbonate  or  acetate.  The  reaction  medium 
varied  from  pH  4.8  -  pH  5.8.  The  conuol  of  the  reaction  mediiun  was  conducted  on  removed  samples  with  a  pH 
meter  of  the  system  GIPKh  with  glass  electrodes  [17]. 

The  condensation  was  virtually  complete  after  several  hours;  however,  the  diazo  compound. giving  a  color 
reaction  with  R-aalt.  remained  in  solution  for  2  -3  days 


Soon  after  the  addition  of  the  diazo  compound,  the  transparent  reaction  mixture  became  cloudy, and  dark 
drops  of  a  tarry  substance  appeared  on  the  walls  of  the  beaker  and  on  the  stirrer,  the  amount  of  which  rapidly  in¬ 
creased.  This  tar  was  partially  converted  into  brownish  floes  dtaing  the  reaction,  which  settled  to  the  bottom,  or 
were  found  on  the  surface  of  the  solution. 

At  the  end  of  the  reaction,  the  solution  was  filtered  and  the  precipitate  was  washed  with  a  large  amount  of 
water  on  tie  filter.  As  it  was  observed  that  the  wash  water  from  the  precipitate  was  always  rather  green-yellow  in 
color,  it  was  collected  separately  and  investigated. 

The  filtered  and  washed  precipitate  which  was  dried  in  a  vacuum  desiccator,  was  a  dark-brown  powder  with 
darker  inclusions  visible  to  the  naked  eye.  A  sample  laider  a  microscope  showed  the  heterogenous  composition  of 
the  residue,  and  the  absence  of  crystals  in  it.  The  residue,  introduced  on  the  eitd  of  a  spatula  into  the  flame  of  a 
burner,  first  melted  with  swelling,  and  then  burst. leaving  a  carbonized  mass,  ft  was  found  to  be  partially  soluble  in 
ethyl  alcohol,  benzene,  and  chloroform,  with  the  solutions  being  red  or  red-brown.  Babbles  of  a  gas  were  evolved 
upon  the  solution  of  the  crude  residue  in  alcohoL  The  residue  dissolved  almost  completely  in  acetone, coloring  tiie 
solution  brown.  However,  attempts  to  isolate  the  substance  from  solution  in  crystalline  state  were  unsuccessful* 
upon  cooling  a  satiaated  solution  or  upon  diluting  it  %rtth  water,  floes  tarry  In  character  appeared. 

The  residue  was  aeated  In  the  cold  with  0.5  N  alkali,  and  a  dark  red  solution  -  was  obtained.  Solution  was 
not  complese  even  after  prolonged  treatment  with  a  large  amount  of  alkali.  These  alkaline  soliaions.  however,  also 
formed  amorphoin  brown  precipitates  i4)on  acidification. 


•  The  m.nhod  was  refined  aitd  supplenjerned  by  G-  S.  Salyamoa 
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2.  Isolation  of  the  subttance  froiTi  the  aqueous  soltition.  The  aqueous  solixion  (filtrate,  aqueous  extract 
of  the  residue)  which  had  a  oH  6*7,  was  shaken  with  ether  to  remove  the  side  products  and  then  acidified  with 
10*^  hydrochloric  acid  to  pH  3.  The  acidified  solution  was  again  extracted  with  ether,  and  the  substance  which 
colored  the  water  solution  was  completely  transposed  into  the  ether  layer.  The  ether  was  removed  by  evapora* 
tion  at  room  temperature,  and  the  crystals  which  formed  were  recrystallized  many  times  from  a  mixture  of 
alcohol  and  water. 

3.  Identification  of  the  substances  isolated  from  the  aqueous  solution,  a)  Substance  obtained  by  the 
condensation  of  p-nitrophenyldlazonium  with  phenvlnitraminic  acid  The  compound  obtained  was  a  light  yel¬ 
low  crystalline  SiA>stance  with  m.p.  110-111*  which  was  poorly  soluble  in  water  and  readily  soluble  in  aqueous 
alhslies.  alcohol,  and  ether.  This  compound  burned  explosively  and  gave  a liebermann  reaction  with  a  color 
characteristic  for  nitraminic  acids.  According  to  potetuiometric  titration  data,  it  was  a  rather  strong  acid  and 
had  a  molecular  weight  of  about  184. 

Founder  N  22.95,  23.00.  Calculated  V  N  22.95. 

According  to  all  its  propeties,  the  compound  obtained  was  identical  with  p-nhrophenylnitraminic  acid 
which,  according  to  literature  data  [ISa]  has  an  m.p.  110-111*.  The  identity  of  the  compound  isolated  with  p- 
piirophenylnitraminic  acid  was  proved  by  the  absence  of  a  depression  in  a  mixed  melting  point  with  specially 
synthesized  p-nitrophenylnitraminic  acid%  The  latter  was  synthesized  by  the  oxidation  of  the  nitrosoaminate  of 
p-ritiophenylhydiazone  in  alkaline  medium:  its  m.p.  was  111-112*.  The  mixed  melting  point  was  111-112*. 

b)  Substance  obtained  by  the  condensation  of  pchloroo-nittopbenyldiazonium  with  phenvlnitraminic 
acid.  The  compound  obtained  was  a  light  yellow  crystalline  substance  with  m.p.  107-108*  which  was  poorly 
soluble  in  water  and  readily  soluble  in  aqueous  alkalies,  alcohol,  and  ether.  This  compound  burned  explosively 
and  gave  a  liebermann  reactiot*  with  a  color  chaiacteristic  for  nitramines  According  to  potentiometric  titra¬ 
tion  dau.  the  compound  was  a  rather  stro%  acid  and  had  a  molecular  weight  of  about  217. 

Found  N  19.55.  19.62.  Calculated  Ifc:  N*  19.3L 

The  identity  of  the  compound  obtained  with  pchloro-o-nuropbenyiniuaminic  acid  which  has  an  m.p. 
107-108*  according  to  the  literature  data  [18^1  proved  by  the  absence  of  a  depression  in  a  mixed  melting 
point  with  the  specially  synthesized  nitraminic  acid.  The  latter  was  synthesized  by  the  oxidation  of  the  corres¬ 
ponding  nitrosoaminate  in  alkaline  medium:  its  m.p.  was  108-109*.  The  mixed  melting  point  was  108-108*. 

c)  Substance  obtained  by  the  condensation  of  p-oitro-o-chlorophenyldiazonium  with  phenylnitraminic 
acid.  The  compound  obtained  was  a  Iig.ht  yellow  crystalline  substance  with  m.p.  92-93*  which  was  poorly  sol¬ 
uble  in  water  and  readily  soluble  in  aqueous  alkalies,  alcohol  and  ether.  This  compound  burned  explosively 
and  gavealiebermann  reaction  with  a  color  characteristic  for  nitramines.  Potentiometric  titration  data  were 
the  same  as  for  the  previous  compound. 

Found  N  19.62.  19.52  C^HPaN^l.  Calculated  Ifc:  N  19.31. 

According  to  all  of  its  properties,  the  compound  obtained  was  identical  with  p-nitro-o-chlorophenylnitra- 
minic  acid, which  is  unreported  in  the  literature.and  was  synthesized  by  the  authors  by  the  oxidation  of  the  nitroso¬ 
aminate  of  the  correspond ir^  diazo  compound  in  alkaline  medium:  m.p.  93-94*.  The  identity  of  the  compounds 
obtained  dixing  the  condensation  reaction  atxi  the  synthesized  nitraminic  acid,  was  proved  by  the  mixed  melt¬ 
ing  point,.  93-94*. 

4.  Isolation  of  phenoL  Phenol  was  isolated  from  the  reaction  mixtire  obtained  by  the  condensation  of 
the  diazonium  with  phenylnitraminic  acid.  The  reaction  was  conducted  for  1-2  hours,  and  was  stopped  when 
the  appearance  of  some  of  the  tarry  substance  was  first  noticed  in  the  reaction  vessel.  The  entire  reaction  mix¬ 
ture  including  the  tar,  was  heated  almost  to  100*  in  a  period  of  several  minutes:  it  was  then  steam  distilled, 
after  filtration  and  neutralization  with  Kflk  sodium  hydroxide  solution  from  pH  4-5  to  pH  8.  Phenol  was  detected 
in  the  condensate,  approximately  300  ml,  which  was  isolated  in  the  usual  manner  in  the  form  of  tribromophenol 
and  was  Identified  by  comparison  with  specially  synthesized  tribrbmopbenoL  The  yield  of  phenol  was  approx¬ 
imately  30^  of  the  theotedcaL 

5.  Isolation  of  phenylazo- S-naphtnuI.  The  filtrate  after  the  separation  of  the  residue  obtained  as  a 
iKult  of  the  condensation  of  p-chloro-o-nltrodlazobenzene,  was  subjected  to  diazo  coupling  with  an  alkaline 
solution  of  8-aaphthoL  The  coupling  was  conducted  in  a  weakly  acidic  medium  (pH  5-6).  The  precipitated 
dye  was  filtered  and  recrystallized  many  times  from  a  mixture  of  alcohol  and  water.  According  to  its  melting 


point,  the  isolated  dye  was  identical  with  phenylazo*f  “naphthol  having  an  m.p.  130-131  [18c^  the  melting 
point  of  the  analogous  compounds  having  a  nitr(\or  nitro  and  eVoro  group  in  the  phenyl  radical  was  considerably 
higher;  namely,  from  240-250*.  Even  though  the  isolated  dye  could  not  le  purified  from  a  difficultly  separable 
impurity  and  its  melting  point  was  somewhat  lower  than  that  of  the  specially  synthesized  phenylazo-^ naphthol, 
nevertheless,  according  to  a  mixed  melting  point,  it  was  phenylazo-fi  -naphthol. 

SUMMA  RY 

1.  The  reaction  between  the  diazo  compounds,  p-tiitrodiazobenzene,  p-nitro^-chlorodiazobenzene. 
and  p-chloro-o-nitrodiazobenzene  and  pbenylnitraminic  acid  was  studied,  aixl  the  unstable  diaryl -N-nitrotri- 
azines,  identiAed  by  their  decomposition  products,  were  detected  for  the  first  time. 

2.  The  decomposition  products  of  the  diaryl -N-nitroulazines  were  diazobenzene  and  a  nitraminic 
acid  with  a  nucleus  corresponding  to  the  diazo  compound  participating  in  the  reaction,  which  indicates  the 
transfer  of  the  nitro  group  from  ooe  nitrogen  of  the  triazine  to  the  other,  which  was  connnected  to  the  more 
negative  radical. 

3.  The  possible  mechanisn^ which  was  the  not-previously-enocuntered  transfer  of  a  nitro  group  in  a 
N*nitrotriazine  i.cm  one  niuogen  to  another,  was  discussed. 
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PREPARATION.  PROPERTIES,  AND  STRUCTURE  OF  COMENIC  ACID 
(5 -HYDROXT-)r-PYRONE-2-CARBOXTLIC  ACID) 

G.  A.  Garknsha 

Comenlc  acid  Is  usually  obtained  by  the  decarboxylation  of  ineconic  acid  [1.  %  3. 4].  As  was  previously  re-  . 
potted  by  the  authoa  [6],  its  yield  was  80^  based  upon  purified  dry  meconic  acid,  and  the  comenic  acid  obtained, 

0®^  sufficiently  pure.  This  depended  upon  the  method  of  isolating  meconic  acid,  the  nature  of  which  was  related 
to  the  processliig  of  the  opium  Industry  wastes,  meconates,  with  dilute  hydrochloric  acid  followed  by  pixification  by 
means  of  the  ix>tassiura  [71  or  ammonium  salts  [31  Mennel  [8J  employed  dilute  hydrochloric  acid.  Each  of  these 
methods  has  one  ox  aix>thet  drawback. 

Since  all  of  the  methods  for  the  isolation  of  meconic  acid  are  rather  laborious,  the  preparation  of  comenic  acid 
directly  from  the  meconates  was  of  great  interest.  It  was  found  that  this  could  be  accomplished  by  decaiboxylatlng  the 
meconates  themselves.  However,  such  a  method  was  found  to  be  applicable  only  for  samples  containing  large  amounts 
of  meconic  acids.  Rs  application  to  the  usual  samples  of  meconates  led  to  a  strong  tarring  of  the  reaction  mass,  which 
in  itself  complicated  the  isolation  of  comenic  acid  and  decreased  its  yield  considerably.  The  starting  producBfor  the 
preparation  of  comenic  acid  were  the  usual  samples  and  those  from  which  meconic  acid  could  not  be  isolated  by  known 
methods.  It  was  found  that,  by  using  an  initial  ueatment  with  HCl  diluted  3: 1.  2: 1,  or  1: 1  (second  figure  is  water)  in 
the  cold,  comenic  acid  of  a  high  degree  of  purity  could  be  obtained  from  such  samples  of  meconates,  as  well  as  from 
meconic  acid.  This  method  differs  from  the  known  methods  of  preparation  of  comenic  acid  in  that  it  gives  a  product 
of  a  high  degree  of  purity,  as  was  determined  tgr  a  determination  of  Us  meUing  poiiu  and  the  temperature  of  Us  decar¬ 
boxylation. 

The  structure  of  comenic  acid  as  54iydroxy-y  -pyrone-2<atboxylic  acid  was  proved  by  the  following  facts.  The 
acid  is  a  derivative  of  34iydroxy-y  -pyrone,  as  this  hydroxypyione  fornu  upon  its  decarboxylation  [6.  9, 10^  It  is  also 
obtained  by  the  decarboxylation  of  meconic  acid,  which  is  also  a  derivative  of  3-hydroxy-y -pyrone  (Thoms  and  Pietrulla 
[HD.  Petatoner  and  Leone  [12]  showed  that  a  small  amount  of  comenic  acid  was  formed  on  heating  the  sodium  salt  of 
3 -hydro xy-y -pyrone  with  carbon  dioxide.  A  series  of  authors  [3. 8, 13, 14.  IS]  showed  that  bxoroocomenic  acid  was  ob¬ 
tained  by  the  bromination  of  comsnlc  or  meconic  acid,  (1  mole  bromine),  as  well  as  6-icdocomenic  acid  [6]  by  theU 
lodination.  6,6-Dihromocomenic  acid  was  obtained  by  the  action  of  1  mole  of  bromine  on  €-bromocome!*ic  acid,  or  2 
moles  of  bromiite  on  meconic  acid.  The  structure  of  this  acid  as  3,6<libromo^-hydroxy-y-pyione-2 -carboxylic  acid  is 
not  very  probable,  since  U  readily  elimliutes  a  bromine  with  the  formation  of  6-bromocomenic  acid  [8]  when  heated 
to  105*.  or  upon  reduction  with  zinc  or  tin  and  hydrochloric  acid.  Its  suucture  as  6.6-dibromocomeaic  acid  is  explained 
by  the  ai^earance  of  tautomers  [16],  The  formation  of  an  c-diketone  group  was  proved  by  the  preparation  of  a  quinoz- 
aline  derivative,  as  well  as  the  corresponding  hydrazone.  It  is  true  that  other  authors  could  not  duplicate  these  reactions. 

The  hydrolysis  of  6-biomocomenic  acid  leads  to  the  preparation  of  6-hydroxycomenic  acid  (5,6-dIhydroxy-y- 
pytone-2-carboxylic  ackl).  A  series  of  authors  [5, 13, 15]  showed  that  this  hydrolysis  proceeds  smoothly.  The  umc  acid 
was  obtained  by  the  hydrolysis  of  64odocomenic  acid  [61 

The  transformation  of  comenic  acid  into  comenamlc  acid,  and  tht  preparatUm  of  dihydroxy  pyridine  from  U, 
serves  as  proof  of  the  structure  of  3-hydroxy-y -pyrone  and  comenic  acid  [13, 17,  21, 22],  If  the  former  is  transformed 
into  3, 4- or  4. 5-dihydroxypyridlne.  then  the  position  of  the  hydroxyl  group  in  the  hydroxypyronc  only  is  demonstrated, 
but  not  in  comenic  or  meconic  acids,  since  the  cUed  dihydioxypyridines  can  be  formed  from  these  acids  if  the  hyd¬ 
roxyl  group  b  in  the  ortho,  or  in  the  para  position.  For  rhb  reason,  the  attempt  of  Belonson  [18]  to  prove  the  scmc- 
ture  of  comenic  acid  as  3-hydioxy-y-pyrone-2-carboxylic  acid  by  the  fact  that  he  obuined  3,4-dihydtoxypyiidine 
ttora  U,  cannot  stand  up  under  criticbm.  Thb  fact  resulted  m  the  erroneous  ccnclusion  on  the  structure  of  comen- 
amic  acid  as  3L4-dihydtoxypyridine-2-carboxylic  acid,  as  well  as  the  enoneous  interpretation  in  the  communication 
of  Peratoner  and  Taraburello  [19]  who  showed  that  the  hydroxyl  group  was  found  in  the  pzra  position  in  comenamlc 
and  comenic  acids.  The  latter  b  confirmed  in  the  communication  of  Jabura  [20],  who  obtained  4,5-dihydr6xy-2- 
racthylpyrkiine  from  comenamlc  acid  and  kojic  acid.  It  was  also  shown  that  5-hydioxy -2 -methyl-y -pyrone  obtained 
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by  tbe  reduction  of  kojic  acid,  reacted  with  phenyldiazonium  acetate  to  form  ‘red  crystals"  of  the  -uto  compoundf?!)* 
Apparently,  its  phenylhydrazone  (II)  was  obtained  by  Peraioner  and  CarapeUe  [24]  during  an  attempt  to  prepare 
the  azo  compound  from  3-hydroxy *r-pyrone.  which  is  only  possible  with  occurrence  of  a  keto-enol  rearrangement 
(0.  The  quinoxaline  derivative  (HI)  of  this  phenylhydrazone  (iD  was  obuined  by  reaction  with  o-phenylenedUra- 
ine,  and  y-pyrone  trihydrazone  (IV)  by  the  condensation  of  (ID  with  2  moles  of  phenylhydrazioe. 


Since  Shlmmin  and  Challenger  [26].  quoting  from  [24]  consider  that  hydroxypyrone  phenylhydrazone  was 
an  audientically  reported  compound,  we  decided  to  test  this  premise.  It  was  found  that  the  reaction  proceeded 
smoothly,  but  that  the  isolation  of  the  hydrazone  was  hindered  by  its  easy  oxidizability  especially  in  the  moist 
sute.  By  changing  the  reaction  conditions  and  the  procedure  <f  isolating  its  products.  3-hydroxy -y-pyronc  sul- 
fooamidophenyihydrazone  was  obtained.  Later,  an  attempt  was  made  tc  prepare  comenic  acid  phenylhydrazone 
based  on  t'ne  preparation  of  ethyl  comenatc  phenylhydrazone.  using  phenyldiazonium  acetate.  This  attempt 
was  unsuccessful.  For  Hiis  reason  the  quinoxaline  derivative  (VIII)  was  obuined  from  hydraze^e  (VID: 


O 

II 

^J>-COOC,H, 

°  (VO 


o= 

C^jNHN^ 


1 


o 

I! 

NNHCgH, 


Undoubtedly,  the  formation  of  hydiazone  (VID  is  possible 
only  if  it  is  assumed  that  the  structure  of  comenic  acid  is  5-hydroxy' 
y-pyrone -2  carboxylic  acid,  and  therefore  that  of  its  ester  (V). 

The  formation  of  the  hydrazone  cazaiot  occur  with  any  other  position 
of  the  hydroxyl  group  in  these  compounds.  By  using  phenyldiazonium 
chloride,  it  was  possible  to  obtain  comenic  acid  phenylhydrazone.  as 
well  as  to  isolate  its  acid  sodium  salt.  The  neutral  salt  was  found  to 
be  unstable. 


Finally,  an  indirect  proof  of  the  formation  of  these  hydrazones  of  hydroxypyrone.  comenic  acid,  and  its 
ester,  which  is  assured  by  the  occurrence  of  uutomerism.  is  the  absence  of  the  latter  in  maltol.  3-hydroxy-2" 
methyl-y-pyrooe.  which  does  not  react  with  phenyldiazonium.  sulfonyl  chloride,  or  amylnittite.  and  by  the 
fact  that  Its  halogen  derivative  has  not  been  obtained.  The  structure  of  maltcl  as  3-hydroxymethyl-y-pytone 
was  proved  by  its  synthesis  from  3-hydroxy-y-pytone  (25). 

Therefore,  the  ability  of  comenic  acid  and  its  ethyl  ester  to  form  hydrazones  agrees  with  its  structure 
as  5-hydroxy-y-pyrone-2 -carboxylic  acid,  and  not  3-hydroxy-y-pyrooc-2 -carboxylic  acid. 


EXPERIMENTAL 


1.  Preparation  of  comenic  acid.  100  g  of  pulverized  meconates  was  added  in  portions  with  stirring  at  a 
temperature  not  higher  than  +10*  to  140  ml  of  hydrochloric  acid  (sp.  gr.  1.19)  and  70  ml  of  water.  After  stirring 
for  0.5  hours,  the  residue  was  filtered  and  washed  with  ice  water.  80  g  of  this  residue  was  added,  at  80-85*  within 
reaction  mixture,  to  150  ml  of  hot  dilute  hydrochloric  acid  (1:1).  The  decarboxylation  was  over  in  1  boix. 

•  True,  the  authors  did  tsot  characterize  this  compound. 
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and  80  nJ  of  *  lO*?*  sodium  chloride  (C.P.)  soluiiott  wa«  added  at  70*.  The  pieclpiute  vhlch  formed  after  twenty 
four  hOBCi  was  fiUcred  and  washed  with  ice  water  and  alcohol.  The  weight  of  the  ali-dried  residue  was  40b;  t».at 
dried  at  100- no*.  30  g. 

40  g  of  the  ait'dried  comeaic  acid  was  purified  by  mixing  it  with  560  ml  cf  water  aitd  adding  fhHCO^ia 
small  portions  (to  20  g)  until  the  reaction  was  just  acid  (brown  on  Congo).  The  mixture  was  then  heated  to  70- 
75'  anil  complete  solaion.  The  hot  solaion  was  filte.-ed  wUh  carbon,  and  ibj  g  of  sodium  chloride,  was  added 
to  the  filnate,  with  stkring.  The  precipitated  white  aystals  of  the  acid  sodium  salt  were  filtered  and  washed 
with  the  mother  liquor  and  with  alcohoL  45  g  of  the  precipitate  was  mixed  with  an  equal  afnftnnt  of  water  and 
90  ml  of  hydrochloric  acid,  and  then  46  ml  of  water  was  added.  The  comciuc  acid  was  fUtered  and  washed  with 
Ice  water  and  alcohoL  The  chlorides  were  removed  by  mixing  the  residue  with  water  in  a  ratio  of  1:2,  followed 
by  heating  and  cooling  to  0*  and  processing  in  the  above  manner.  Dried  at  120*  the  snow-white  crystals  weighed 
20  g:  rtep.  273-274  (with  tailing);  274  *276*  in  a  sealed  capillary.  Upon  heating  a  layer  of  crystals  on  a  covet 
glass  In  a  Mahen  block  melting  point  apparatus,  they  decarboxylated  without  leaving  a  residue  and  without  ebang- 
li^  color  at  225  -230*  (the  temperature  was  measured  at  the  usual  position  of  the  thetmometer  in  the  fiyaritm). 
Aqneoes  and  alcoholic  solutions  of  ferric  chlciilde  were  colored  blood -red  by  the  addition  of  the  crystals. 

2.  Preparation  of  3-hydroxy->'  -pyrone  phenylhydrazone.  5.5  g  of  anhydrous  sodium  acetate  was  added  to  a 
diazo  soliaion  prepared  from  1.9  g  of  sodium  nitrite.  2,4  g  of  aniline,  6  ml  of  HCI.  and  12  ml  water  with  ice. 

2.8  g  of  34iydtoxy-y  -pyrone  in  28  ml  of  water  acidified  with  1.2  ml  of  acetic  acid  was  added  at  0*.  After  1  hour, 
a  hydrochloric  acid  solution  was  added  at  45*  to  a  violet  reaction  (Congo).  The  taspbeiry  ted  pKCipitate  was 
filtered  and  washed  with  ice  water  acidified  with  HCI  (b.oe  on  Congo),  the  precipitate  beltg  kept  coveted,  and 
then  with  water  and  ice.  The  blood-red  crystals  obuined  were  air  dried.  The  yield  was  5  g.  The  crystals  were 
insoluble  in  petroleum  ether  and  ethyl  ether,  and  poorly  soluble  in  xylene.  RecrystalUzed  from  hot  xylene,  they 
had  a  broad  melting  point  about  170*  (176*  according  to  Catapelle)  with  a  change  of  color;  at  190*the  viscott 
mass  carboaized. 

When  1  g  of  crystals  mixed  with  5  ml  of  water  ac  idified  with  HCI  (blue  on  Congo),  was  nested  with  sulfia 
dioxide  fcK  5  hours,  they  dissolved  completely.  Twenry*four  hours  later,  yellow  brown  crysuls  Insoluble  in  wat't, 
chlorofrxm.  and  ether,  and  soluble  in  alcohol  and  acetone,  came  ouL 

3,  Preparation  of  3-hydroxy-  y  -pyrone-p-sulfamidophenylhydrazone.  3.5  ml  of  HCI  (sp.  gr.  L19)  and  a 
solution  o^  0.85  g  of  sodium  nitrite  in  3  ml  of  water  was  added  in  20  minutes  at  0*to  a  mixture  of  2.16  g  of  sul- 
faiulaaide  and  12  ml  water.  3.5  ml  of  glacial  acetic  acid  and  7.5  ml  of  30^  sodium  aceute  solution  were 
added  at  ~3*  to  the  diazo  solution  (violet  color  on  Congo).  To  the  phenyldiazonium  acetate  at  —3*  was  added  a 
sclunonof  1.4  g  of  3-hydioxy-  /  -pyrone  in  20  ml  of  water  with  3  ml  of  glacial  acetic  acid,  and  3.5  ml  of  a  30^ 
sodiun  acetate  soiuLion  (red  color  on  L.tmus).  A  sample  on  filter  paper  was  used  lo  test.  Jie  erd  of  the  leactioa. 

The  precipitate  was  filtered  rapidly,  washed  with  water  and  lce(withoti  uncovering  it)  for  30  minutes,  acidified 
water  and  ice,  and  once  more  with  water  and  ice.  The  residue,  dried  in  the  ali.  and  then  at  100*.  weighed  1.8  g. 
which  corresponded  to  51*^  of  the  theoretical  yield:  bright  red  crystals  with  m.p.  260  -265*.  with  the  color  of  the 
melt  charging  to  brown.  It  was  insoluble  in  benzene,  xylene,  chloroform,  and  ether,  difficultly  soluble  In  alcoholj 
upon  heating  with  acetone,  solution  occurred  and  a  white  precipitate  formed. 

0.7005  g  substance:  0.5805  g  BaSO^  0.3555  g  substance:  0.409  ml  Nj  (21*.  740  mm)  (according  to  Dumas). 

0.2920  g  substance;  0.341  ml  N,  (20.5*.  741  mm)  (with  CuO).  Found  %  S  11.38;  N  13.01.  13.24. 

Calculated  S  10.8;  N  14.25. 

4^  Preparation  of  ethyl  comenate  p-s  alfamldophenylhydrazone.  17.2  g  of  sulfanilamide  was  added  in  por¬ 
tions  with  stirring  at  0*to  a  mixture  of  28  ml  of  HCI  (sp.  gr.  1.19),  96  ml  of  water,  and  30  g  of  ice  After  solurloa 
of  of  the  sulfanilamide,  30  g  more  of  Ice  and  a  solution  of  sodium  nitrite  (7  g  in  25  ml  of  water)  was  added, 
with  continuous  stirring  until  complete  solution  of  the  sulfanilamide,  with  the  addition  of  40  g  more  of  ice.  A  solu- 
tsoa  of  18.6  g  of  ethyl  comenate  in  180  ml  of  80lk  acetic  acid  was  added  to  the  diazo  solution  at  43*.  and  100  ml 
of  301^  sodium  acetate,  steadily,  but  not  allowing  the  reaction  to  be  violent,  or  the  temperatiae  to  rise  above  45*. 

A  dark  red  precipitate  of  hydrazone  was  formed  by  the  addition  of  100  g  of  sodium  chloride  and  acidification  with 
dilurc  HCI  (1: 1)  while  the  reaction  mixture  was  cooled  to  -10*.  The  compleuon  of  precipitation  was  tested  with 
a  sample  on  fDier  paper.  The  preclpiute  was  fUtered  Immediately,  washed  with  a  saturated  sodium  chloride  solu¬ 
tion  with  ice  (keeping  the  preclpiute  covered),  and  then  wiih  water  and  ice.  Air  dried,  and  then  at  90 -100*  the 
dark  red  pieclpUate  weighed  27.5  g  which  corresponded  to  75*^  of  the  theoretical  yield.  The  substance  was  insol¬ 
uble  in  benzene,  toluene,  ether  and  pettoleum  ether:  it  was  slightly  soluble  in  chloiofbim.  and  gave  a  red  solution; 
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It  was  slightly  soluble  in  ethyl  acetate,  alcohol  (absoljte),  and  methanol  (solutions  coloied  yellow);  ii  was  readily 
soluble  in  pyridine  and  niuobenzene  (solitions  colored  yellow).  Solution  occuned  upon  heating  with  acetone,  and 
a  white  pcecipitate  formed.  The  crystals  dissolved  in  nitrobenzene  and  laeclpiated  with  benzene,  had  a  dark  red 
color;  dried,  a  raspberry.  M.p.  173 -175*  (with  carbonization). 

0.2970  g  substance:  0.4970  g  CO^  1.010  g  Hp.  0.3380  g  substance:  0.385  ml  Nj(23*'.  734.5  mm). 

0.3760  g  subsunce:  0.325  ml  N,  (22*.  73.8  mm).  0.2880  g  subsunce;  0.256  ml  N,  (23*.  735  mm) 

(acc ceding  to  Dumas).  0.6140  g  substance:  0.3910  g  BaSO^  0.7380  g  substance:  0.4770  gBaSO^ 

Found  C  45.64;  H  3.81;  N  9.4.  9.72.  9.92;  S  8.74,  8.87.  Calculated  C  45.8; 

H  3.54;  N  11.7,  S  8.73. 

5.  Preparation  of  the  quinoxaline  derivative.  0.6  g  of  ethyl  comenatc  pHulfamldophenylhydrazone 
was  dissolved  in  4  ml  of  pyridine,  acidified  with  1  rnl  of  glacial  acetic  acid,  and  mired  with  a  solution  of  0.2  g 
of  o-phenylenedlamine  in  2  ml  of  glacial  acetic  acid.  After  filtiailonof  the  solution  which  was  heated  to  80* 
and  cooling  to  30*.  a  pivple-red  precipiute  formed  which  was  filtered  and  washed  with  methanol,  ether,  and 
benzene. and  dried  at  105*.  0.6  g  of  crystals  were  recrystallized  from  a  mixture  of  pyridine  and  acetic  acid. 

M.p.  290-295*  (with  carbonization). 

0.4420  g  substance:  0.599  ml  Nj  (24*  728  mm).  0.2170  g  substance:  0.299  ml  N,  (23*.  728  mm). 

0.5770  g  substance:  0.3195  g  BaSO^  Found  5>:  N  14.92,  15.22;  S  7.8.  C^iPsN^S.  Calculated  flr; 

N  15.95:  S  7.3. 

6.  Reparation  of  comenlc  (5-hydtoxy-'y  ■yyione-2  carboxylic)  acid  phenylhydrazone.  A  solution  of 
2.6  g  of  sodium  nitrite  in  10.5  ml  of  water  was  added  at  1  -3*  to  a  solution  prepared  from  2.8  g  of  aniline  and 
10.5  ml  of  HQ  (sp.  gr.  1.19),  diluted  with  26  ml  of  water.  At  the  same  time,  4.7  g  of  comenlc  acid  was  dis¬ 
solved  at  60  -70*  in  140  ml  of  water  with  the  addition  of  2.3  g  of  anhydrous  poussium  carbonate.  This  soltsion 
was  cooled  to  'f  15*  (the  salt  precipitated  upon  rapid  cooling)  and  added  to  the  d  Lazo -solution.  Then  60  g  of  sod¬ 
ium  chloride  was  added,  and  the  reaction  mass  was  cooled  to  —5*.  Dilute  HCl  (1 :  1)  was  added  in  poAions. 
testing  the  completion  of  ptecipiiaticn  with  a  sample  on  filter  paper.  The  back  precipitate  was  filtered  through 
a  cloth  filter  (leaving  it  under  the  liquid)  and  washed,  first  with  a  saturated  sodium  chloride  solution  acidified 
with  HCl  (litmus)  with  pieces  of  ice,  and  then  with  ice  water,  and  ethet.  Weight  of  the  moist  residue  was  5.6  g. 
Weight  in  air-dtied  state.  3.5  g  (black  color  with  a  ted -violet  sheen). 

This  3.5  g  of  precipitate  was  mixed  with  50  ml  of  water,  and  about  4.5  ml  of  20^  NapO^  was  added  to  a 
neutral  reaction  (j'ellow  on  biomothymol  blue).  The  solution  obtained  was  filtered  with  carbon,  and  12  g  of  sod¬ 
ium  nitrate  was  added  to  the  fUciate  with  stltring  until  it  dissolved.  The  hydiazone  salt  was  precipitated  %rith  100 
ml  of  akobol,  filtered,  and  washed  with  a  mixture  of  alcohol  and  ether  (1 : 1).  The  sodium  nitrate  was  washed 
out  by  oue  or  two  mixings  with  70^  alcohol:  the  completion  of  the  washings  was  tested  with  diphenylamine.  The 
weight  of  the  air -dried  precipiute  was  2.5g.  The  dried  black  crystals  (red-violet  $heen}had  an  m.p.  of  195- 
198*  (with  tarring).  The  substance  was  insoluble  in  chlorofotm,  benzene,  ether,  and  ethyl  aceute;  it  was  sli^tly 
soluble  in  cold  water,  and  to  an  extent  of  1:40  in  water  heated  to  45*.  Upon  heating  with  an  excess  of  water  to 
60-70*  decomposition  occurred  cominuing  for  several  hours.  The  hydiazone  was  considerably  mote  soluble  in 
acetic  acid  and  alcohoL  hs  acid  sodium  salt  was  red  -violet,  the  neutral  salt,  orange.  A  solution  of  the  neutral 
sodium  salt  decomposed  completely  upon  standing  fox  twenty^our  hours  at  room  temperature.  The  acid  sodium 
salt  of  the  hydtazone  was  more  stable.  U  dissolved  to  an  extent  of  1: 10  In  water  at  20*.  and  1: 5,  at  45*.  It  was 
irtsoluble  in  alcohol,  acetone,  and  ethet.  The  acid  sodium  salt,  precipitated  from  an  aqireous  solution  with  alco¬ 
hol,  did  not  have  a  sharp  melting  point:  at  240*  the  crysuls  became  datk  brown,  at  250*  they  shrank  and  became 
grey,  at  270  they  blacketred  atul,  finally,  at  300*  and  higher,  the  masa  puffed  up. 

Because  the  red-violet  solution  of  the  acid  sodium  salt  of  the  hydrazone  was  different  from  the  orange  solu¬ 
tion  of  the  neixral  salt,  it  was  possible  to  titrate  It  without  an  Indicatot  (a  lecxystalUzed  substance  with  m.p.  195- 
198*  was  used). 

0.2800  g  substance:  0.5650  g  CO*;  0.08250  g  H/5.  0.5260  g  substance  in  5.4  ml  of  water:  20.0  ml 

0.1  N  HCl.  0.6820  g  substance  in  7.0  ml  water:  26.0  ml  0.1  N  HCL  Found  It:  C  55.01;  H  3.28; 

M  2G4.  262.  CjjHPjN^  Calculated  C  55.3;  H  3.08;  M  260. 

SUMMARY 

1.  A  method  for  the  prepaiation  of  comenlc  acid  directly  fiom  the  meconates  is  given. 
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2,  The  followLig  compounds,  unreponed  In  the  literature  ip  to  now,  were  obtained:  S^ydrotqf-y'fiyTone, 
^thyl  comenate  p-sulftmldophenylhydrazone,  and  its  quinoxalioe  derivative,  and  comenic  acid  pheiiyl}qr<iiazooe. 

3.  The  structure  of  comenic  acid  was  pmved  to  be  5>hydroxy >7 -pyrooe*2 -carboxylic  acid  by  the  obtaining 
of  the  above  faydrazones. 
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REACTIVITY  OF  CERTAIN  DERIVATIVES  OF  2 -MET  H  YLBENZ IMID  A  ZOLE 
I.  REACTIONS  OF  THE  METHYL  GROUP  HYDROGENS 

B.  A.  Potai-Koshits  and  Kh.  L.  Murayich 

During  the  many  years  of  investigating  problems  of  die  leactivity  of  organic  compounds.  A.  L  Porai- 
Koshits  studied  especially  thoroughly  substances  possessing  active  hydrogen  atoms  in  methyl  and  methylene. 

The  activity  of  the  hydrogen  atoms  enables  these  substances  to  participate  in  condensation  reactiotu  with  alde¬ 
hydes,  nitroso  comp^>unds,  and  diazo  compounds.  The  relationship  to  these  compounds  characterizes  the  de¬ 
gree  of  reactivity  of  the  hydrogen  atoms  of  the  medryl  or  mediylene  groups;  the  most  active  are  those  com¬ 
pounds  which  can  condense  not  only  with  aldehydes  and  nitroso  compounds,  but  can  also  participate  in  coig>ling 
reactions  with  diazo  compounds.  A .  E.  Porai^oshits*  investigations  to  determine  the  relation  of  the  mocture 
of  substances  possessing  active  hydrogen  atoms  in  methyl  and  methylene  groups,  rhade  possible  the  followiitg 
summary  in  the  form  of  a  rule:  if  the  methyl  or  methylene  group  is  found  in  conjugation  with  the  heteto  atom, 
then  its  hydrogen  atoms  acquire  an  increased  reactivity  [1).  Therefore,  the  reactivity  of  the  H  atoms  in  these 
substances  is  due  to  the  ability  of  the  hetero  atom  to  shift  elecnoru. 

2 -Metbylbenz imidazole  (0  can  be  assigned  to  those  compounds 
possessing  reactive  hydrogen  atoms  on  the  basis  of  A.  E.  Porai-Koshiu* 
rule,  and  it  is  able  to  participate  in  condensation  reactions  with  aide- 
fa  ydes.  isatin.  phenanihrenequinone,  and  phthalic  anhydride  [2i 

However,  the  reactivity  of  the  hydrogen  atoms  of  these  sub¬ 
stances  is  comparatively  small,  and  the  condensation  reactions  pto- 
c  eed  only  under  forcing  conditions.  2-Methylbenzimidazole  is  almost 
unable  to  react  with  nitroso-  and  diazo  compounds  [3].  The  reason  for  the  small  reactivity  of  these  compounds 
was  seen  by  A.  E.  Porai-Koshits  in  the  fact  that  the  niuogen  of  the  group  '-C^N  pc^essing  an  unshared  pair 
of  electrons,  does  not  polarize  the  carbon-hydrogen  bond  suongiy  enough;  on  the  other  hand,  this  small  polari¬ 
zation  is  weakened  by  the  presence  of  an  imino  group  whose  umhared  pair  of  electrons  compensates  the  panial 
positive  charge  on  the  carbon  atom  in  position  2. 


It  appeared  possible  to  verify  experimentally  ilils  explaaaiion  by  syntherizing  derivatives  of  2-meihyl- 
benzimidazole  in  which  the  effect  of  the  unshared  pair  of  elecuons  on  the  nitrogen  atom  was  elimiiuted.  at¥l 
to  study  the  reactivity  of  the  methyl  groups  of  these  compounds.  The  simplest  method  for  blocking  the  unshared 
electron  pair  of  one  of  the  nitrogen  atoms  appeared  to  be  the  convenion  of  this  compound  into  the  quaternary 
derivative  (II).  The  present  investigation  staned  with  the  synthesis  of  such  a  compound  and  the  stridy  of  its 
properties.  Initially,  the  methiodide  derivative  of  1.2-dimethyIbenzimidazole  was  synthesized  by  the  methyl- 
ation  of  2-methylbcnzimidazole.  The  htier  was  obtained  by  heating  o-phenylene  diamine  with  acetic  acid 
in  a  sealed  tube. 


The  quaternary  compound  obtained  was  found  to  be  capable 
of  reacting  with  m-nitrobenzaklehyde  with  a  much  greater  ease  dian 
2-metbylbenzimidazole.  The  formation  of  the  condensation  product 
bccurs  even  when  the  starting  substances  are  boiled  in  alcoholic 
medium  in  the  presence  of  piperidine. 

The  reaction  product,  light  yellow  crystals,  is  S-methj^-fi- 
Tthnitrosiyrylbenzimidazole  methiodide  (in). 
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rtc  -ouden^atlon  reaction  with  p-nhrojodlmetiiylaniline  proceeds  under  these  conditions  with  the  forma- 
tiscof  vioiet  crystab  of  the  azomethlne  (IV).  The  laner  possesses  the  characteristic  properties  of  azomethlneil 
Ic.,  it  can  be  hydr^  lyzed  upon  heating  with  diltce  hydrochloric  acid.  The  aldehyde  formed  as  the  result  of  tha 
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in,  (IV)  I 

hydrolysis  was  converted  into  3-methylben2lmldazol-2-aldehyde  p-uiuophcnylbydrazooe  methiodide  (V)  by 


reaction  with  p-olitophenylhydrazone. 
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The  ease  with  which  the  condensation  producu  with  aldehydes  and  nitro  derivatives  were  formed  indlcatad 
that  the  Investigated  compound  was  capable  of  participating  in  azo  coupling  reactioiu.  However,  all  attcmpil  to 
obtain  the  azo  dye  by  coupling  the  methiodide  derivative  withdiazo  compounds  from  p-nitioaniline  were  unsuc¬ 
cessful.  The  reason  for  rhb  behavior,  evidently,  b  the  presence  of  the  second  hetero  atom.  It  !s  possible  to  as¬ 
sume  that  the  nndiared  pair  of  electrons  nf  the  latter  partially  neutralizes  the  positive  charge  of  the  quaternary 
nitrogen.  In  order  to  prove  this  assumption  experimentally.  U  was  necessary  in  some  way  to  rennove  the  deactlvat- 
irrg  effect  of  the  substituted  imino  groiq>.  For  diis  purpose,  an  electroj^yllir.  group  was  Introduced  in  conjugation 
with  the  second  hetero  atom,  hiltlally,  a  nitro  group  introduced  into  position  5  (6)  was  chosen  Cor  this  purpoft. 

The  synthesb  of  this  compound  (VI)  was  effected  in  two 
stages.  2-Methyl -5(6)*nitrobenzimid azole  was  obtained  by 
the  nitration  of  2'methylbenzimidazole,  which  was  then 
subjected  to  methylation  in  a  sealed  tube  with  methyl  Iodide 
[4].  The  2.3<limethyl^(6)-nitrobenzimidazole  obtained 
readily  reacted  with  m-oitro- and  p-diraethylaminobenxalde- 
hyde  forming  the  condensation  products  (Vn)  and  (VI1I)<  the 
first  of  which.  3^nethy!-2-miiitrostyryl<^6)-nitrobenzimlda- 
zole  methiodide  was  a  yellow  needle-like  crystalline  sids- 
(VI)  sunce. 
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In  addition  to  the  condensation  producu  with  aldehydes,  the  corresponding  azomethine  (IX)  was  obtained 
by  the  condensation  of.2.3-dlraeihyl-5(6)-iutrobcnzimidazolc  methiodide  with  p-nitrosodiethylanillne. 
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C-  CH=N 


Thli  product,  which  wm  a  dark  violet  needle  like  substance  with  a  gteen  sheen.  wasTeadUy  hydrolyzed 
by  the  action  of  dilute  acids  with  the  formation  of  the  corresponding  aldehyde. which  condenses  with  p^tio- 
phenylhydrazine  to  an  orai^e  hydiazone.  The  structure  of  the  hydrazone  remaiiu  undetermined  up  to  now.  since 
iB  compoitition  according  to  the  lesulu  ot  elementary  analysis  did  not  correspond  to  that  calculated  theoretically, 
and  in  addition,  it  did  not  contain  iodine 

The  greatest  Interest  lies  in  the  ability  of  2-methyl-5(6)*iiitrobenzimidazole  methiodide  to  participate 
In  azo  couplixtg  reactions  with  diazo  compounds.  The  reaction  proceeds  in  aqueous  pyridine  inedium  with  the 
elimination  of  the  methyl  iodide  occurring  during  dte  process  of  formation  of  the  dye,  which  was  indicated  by  the 
absence  of  a  halogen  in  the  dye  obtained,  and  which  was  also  confirmed  by  the  determination  of  the  elementary 
composition  of  the  latter. 

The  dye  obtained  from  dlazotized  p'Qitroanillne  was  a  dark  violet  powder  which  was  difficult  to  purify. 
After  thorough  purification,  it  can  be  obtained  in  the  form  of  a  dark  greea  crystalline  substance  whose  structure 
is  expressed  by  the  formula  (X). 


C-CH*-N=N 

A  • 


Establishing,  therefore,  the  e^ect  of  the  nitro  group,  a  supplemenary  activation  of  the  methyl  group  was 
aaempted  by  other  means.  It  seemed  entirely  possible  to  achieve  the  same  effect  by  substituting  the  hydrogen  of 
the  imlno  group  by  some  tort  of  an  electrophyllic  group,  as  for  example,  a  phenyl  radlcaL 

The  symhesis  of  l*pheayl>2-methylbenzimidazole  was  effected  in  several  steps  starting  femo  o-nltrochloto- 
benzene.  The  latter  was  condensed  with  aniline  by  means  of  a  method  reported  in  the  literatwe.  but  coutaining 
several  changes.  The  o-nitrodlphenylamine  was  reduced  with  sodium  sulfite  to  2-aminodlphenylamine.  from  trhich 
l-pbenyl-2'fnethylbenzimidazole  [5]  was  obtained  by  treatment  with  acetic  anhydride  and  4N  hydrochloric  acid. 
Two  products  were  obtained  upon  methylating  iu  a  white  crystalline  methiodide  of  l-{haaiyl-2-fnethylbeazlmida<* 
zole  (XD,  and  the  dark  brown  ones  of  iu  periodide  (XO). 
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1  was  possible  :o  condense  the  first  compound  with  p-dimcihylarainobc:^dchydc.  The  reaction  was 
conducted  under  the  same  conditions  as  all  of  the  previous  condensations.  However,  contrary  to  all  expecta¬ 
tions.  the  substance  was  found  incapable  of  condensing  with  nitroso  and  diazo  compounds.  Therefore,  the  at¬ 
tempt  to  activate  the  molecule  by  replacing  a  hydrogen  of  the  imino  group  with  a  phenyl  radical  did  not  lead 
to  the  expected  results.  In  fact,  according  to  the  inability  to  condense  vrtth  nitroso  compounds,  the  activity 
of  the  compound  was  decreased.  For  this  reason  it  seemed  Interesting  to  introduce  a  niuo  group  into  position  5 
of  this  c  impound,  and  to  study  the  activity  of  the  product  obtained. 

l-Phenyl-2-tnethyl-S-nitroben2imidazole  was  synthesized  by  means  of  a  method  described  in  the  litera- 
tiae  [61  It  was  fourxi  that  the  compound  obtained  condensed  with  p-dimethylamiitobenzaldehyde  only  upon 
boiling  in  acetic  anhydride;  the  structure  of  the  condensation  product  corresponds  to  formula  (XIII). 


(XIID 

h  is  intetb-ring  to  mention  that  this  substance  exists  in  two  modifications:  in  the  form  of  red-orange 
ctysuls  with  m.p.  246* or  in  the  form  of  violet  ois  with  a  green  sheen  with  the  same  melting  point. 

The  reaction  with  m-nitrobenzaldehyde  led  to  interesting  resulu.  The  formation  of  the  condensation 
product  proceeded  in  alcoholic  aoli;iion  in  the  presence  of  piperidine  and  was  accompanied  by  the  elimitution 
of  methyl  iodide.  In  order  to  prove  this  observation.  l-pbenyl-2-methyl-5-(iittobenzimidazole  ethiodide  was 
syrtthesizd.  and  was  condensed  with  m-nitrobenzaldehyde  under  the  same  conditJoiu.  The  condensation  product 
was  found  to  be  ideixical  with  that  obtained  from  the  metUodide  derivative,  after  thorough  piaiflcatioa;. 

The  melting  poiix.  mixed  melting  point,  as  well  as  the  analytical  dau,  were  found  to  be  completely  identical. 
Therefore,  the  stricture  of  this  compound  may  beaepresented  by  formula  (XIV). 
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Condensation  attempts  with  nitroso  compounds  were  also  unsuccessful  in  the  given  case.  However,  the 
azo  coupling  reaction  in  aqueous  pyridine  medium  led  to  the  formation  an  azo  dye.  The  formation  of  the 
dye  was  abo  accomparued  by  the  loss  of  methyl  iodide.  The  above  reported  method  was  used  to  prove  the 
ssucture  of  the  azo  dye  obtauied;  Le.,  a  coiq)ling  was  effected  with  the  ethiodide  derivative.  A  product,  com¬ 
pletely  identical  with  the  dye  obtained  from  the  methiodide  compound  was  obtained.  The  stricture  of  the  dye, 
therefore,  can  be  represented  by  the  formula  (XV). 

In  addition  to  the  methods  for  the  activation  of  the  hydrogen  atoms  of  the  'methyl  group  of  2-methylbenzlmid- 
azole  reported  above  and  consbtii^  mainly  the  conversion  of  the  nitrogen  atom  to  an  onium  sure,  it  seemed  of 
irxerea  to  attempt  this  activation  by  inuoducing  elecuophyUic  groups  into  the  Imidazole  ring.  These  groups  should 


(XV) 


have  increased  the  activity  of  the  methvl  group  hydrogens  by  shifting  the  electrons  of  the  nitrogen  atoms  toward 
themselves.  The  following  were  chosen  as  examples:  l-phenyl-2-meihylbenzlmidazole  (XVI).  1 -phenyl-2 -mcthyl- 
5-nitrobenzlmidazole  (XVn).  and  l-(2.4-dmitro)-phenyl-2-methylben2imidazole  (XVIII)*. 
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Slice  there  are  no  data  on  tesu  of  the  activity  of  these  compounds  by  cor<densation  with  aldehydes  or 
nitroso  compounds,  condensation  experiments  were  conducted  with  these  compounds.  The  ability  to  react  under 
mild  conditioiB  was  of  interest  as  a  means  of  determining  the  degree  of  their  activity.  However,  not  even  one  of 
these  compounds  was  able  to  react  with  aldehydes  or  nitroso  compounds  in  low  boiling  solvent  media.  Even  the 
leplacement  of  an  imino  group  hydrogen  by  such  a  strong  acidifying  radical  as  dlnltto  phenyl  did  not  lead  to  a 
noticeable  increase  in  the  activity  of  the  methyl  group. 

EXPERIMENTAL 

1.  3-Meihyl-2-m-mtrostyrylben2imida2ole  methiodlde.  A  mixtiae  of  2.9  g  of  l,2-dimethylben2imida20le 
methiodide,  1.5  g  of  m-nitrobenzaldehyde.  10  ml  ethyl  alcohol  were  refluxed  for  1  hour.  The  reaction  was  cau- 
lyzed  with  5-10  drops  of  piperidine  which  was  added  before  the  heating  The  Halting  subnaices  first  dissolved, 
and  then  as  the  heating  progressed,  a  yellow  condensation  product  precipitated  from  the  solutitm.  This  product 
was  purified  by  creating  it  with  hot  alcohol,  and  by  recrysullization  from  water.  The  yield  of  the  product  was 
1.7  g  which  is  405>  of  the  theoretical.  The  product  is  a  pale  yellow  crystalline  subnance  with  m.p.  293*. 

0.1101  g  subs.  9.8  ml  N,  (24*.  757  mm).  0. 1 154  g  subs.  10.1  ml  N,  (24*.  757  mm).  0.2490  g  subs. 
0.1382  gAgL  0.2252  g  subs.  0.1250  gAgL  Found ‘Jt  N  10.2.  10.0;  130.0.  30.02.  CitHjPjN^  Calculated 
N9.97;  130.16. 

2.  Azomethine  from  12-Oimethylben2imidazole  methiodide  arid  p-NitrosodimethylanilLne.  The  conden¬ 
sation  of  1,2-dimethyIbenzimidazoIe  methiodide  with  p-niirosodimethylaniline  was  conducted  under  conditions 
esseralally  analogous  to  the  above.  The  condensation  product  separated  from  the  solution  aftei  cooling  in  the 
form  cf  violet  crystals  vrith  m.p.  270*.  It  crystallized  from  methyl  or  ethyl  alcohoL 


•  See  the  experimental  section  for  the  syiahesis  of  l-(2.4-dinitro)-phenyl-2-mcthylbenzimidazole. 
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0.1120  B  subsj.  13.1  ml  N,  (25*.  754  mm).  0.1092  g  sub*.: .  12,8  ml  Nt  (25*.  754  mm).  0.2133  g  subs.: 
0.1188  s  AgL  0.2120  gsubs.::  0.1178  g  AgL  Found  N  13.49.  1^46;  130.13,30.05.  CuKaN^  Calculated 
N13.3J  130.24. 

3.  Cleavage  of  the  azomethine:  1-methylbenzimldazole-g-aldchyde  p-nbfopbenylhydraaon£.  O.^g  of 
the  azomethine  (sabsunce  obtained  in  the  previous  experiment)  was  dissolved  by  healing  in  25  ml  of  ^  “T™- 
chloiic  acid.  The  hydrolysis  of  the  azomethire  proceeded  with  the  soltnlon  turning  yellow.  The  aldehyde  could 
not  be  Isolated  from  the  solmlon.  Its  ptcsencc  was  proved  by  the  action  of  p-nltxophenylhydrazinc.  For  t^  pur¬ 
pose  the  calculated  amount  of  p^iiiiophenylhydrazine  dissolved  in  25  ml  of  3^  hydrochloric  acid  wm  add  to  the 
solution.  A  yellow  Docculent  precipitate  formed  upon  boiling.  The  hydiazone  was  recrystaUized  from  5(y>  acetic 
acid:  it  was  a  yellow  crystalline  sid>starkce  with  a  bluish'sheen  with  m.p.  270*. 

0.1122  g  subsr  15.8  ml  N,  (24*.  764  mm).  0.1236  g  subs.;  17.3  ml  N,  (24*.  754  mm).  0.1760  g  subs.: 
0.0939  g  AgL  0.1538  gsubs.:  0.0819  g  AgL  Found ‘Jt;  N  16.23.  16. 13;  128.89,28.8.  Calculated 

N  15.93;  128.99. 

4.  Attempts  to  Couple  1,2-dlmethylbenzlmidazole  methlodide  with  p-nltrophcnyldiazonium.  Attempts  at 

azo  coupling  were  made  In  water,  glacial  acetic  acid,  and  pyridine.  The  formation  of  an  azo  dye  did  not  occur 
In  any  case. 

5.  1 -Methyl-2 •dimetlrylamiiK>gyryl-5(6)-nitrobenzitnldazole  methiodide.  1.65  g  of  1,2'dlmethy  1-5(6)- 
niiiobenzlmldazole  and  0.75  g  of  p-dlmethylamlnobeicaldehyde  were  dissolved  wUh  heating  In  20  ml  of  ethyl 
alcohol  and  after  the  addition  of  4-5  drops  of  piperidine,  refluxed  for  1  hour.  Almost  Immediately  after  the 
start  of  the  boiling,  the  solution  became  intensely  red,  and  soon,  a  dark  red  precipitate  began  to  come  ott.  The 
yield  of  the  crude  product  was  1.25  g  which  is  55.5flt  of  the  theoretical.  The  product  was  recrystallized  from  methyl 
alcohol  or  from  80*9)  acetic  acid;  it  was  a  dark-red, finely  crystalline  substance  with  m.p.  248*. 

0.1034 g  subs.;  10.9ml  N,(24*.  762  mm).  0.0979  gsubs.  10.4  ml  N|(24*.  762  mm).  0.1428  g subs.: 
0.0720  g  AgL  0.2424  g  subs.:  0.1230  g  AgL  Found  lb;  N  12.1.  12.1;  !  27.31,  27.69.  C„HmO,N4).  Calculated 
%  N  12.07;  127.37. 


6.  l-Methyl-2-m‘ftiuo6tyryl-5(6)-nltrobenztrtddazole  methiodide.  This  compound  was  obtained  by  means  of  an 

analogous  condensation  of  the  methiodide  derivative  with  m-nitrobenzaldehyde.  1.1  g  of  the  condensation  product 
was  obtained  from  1.65  g  of  the  methiodide.  which  is  5<7^  of  the  theoreticaL  The  product  was  recrystallized  from 
80*^  acetic  acid.  Yellow, fine  needles  with  m.p.  265* were  obtained.  * 

0.0898  g  subs.:  £.4  ml  (24*.  760  mm).  J.lOlO  g  subs.::  10.6  ml  Nj  (24*.  760  mm).  0.1608  g  subs.: 

0.0814  g  AgL  0.2170  g  subs.:  0.1090  g  AgL  Found  N12.05.12.lt  127.36,27.2.  Calculated 

1o:  N12.0;  127.25. 

7.  Azomethine  &om  1.2-dimethyl-5(6)-niitobenzlmldazole  methiodide  end  p-rfltrosodlethylanlllne.  The 
preparation  of  the  azomethine  from  L2-diinethyl-5(6)-tUttobeazlmidazole  methiodide  and  p-nltrosodlethylaniline 
was  effected  uuler  the  same  conditions  as  In  the  previous  condensation.  After  cooling  the  soliaion.  1.1  g  of  violet 
crysuls  separated  (from  1.65  g  of  the  starting  methiodide).  This  is  a  yield  of  45flb  of  the  theoretical.  After  rocry- 
suUization  from  ethyl  alcohol,  the  product  was  obtained  In  the  form  of  shiny  dark  green  needles  with  nup.  202*. 

0.1101  g  subs.:  13.7  ml  N, (24*.  764  mm).  0.1012  g  subs.:.  12.7  ml  Nj  (24*.  764  mm).  0.1832  g  subs  : 
0.0873  g  AgL  O.kOlO  gsubs.:  0.0954  g  AgL  Found  1b:  N  14.33.  14.45;  125.76,  26.66.  CuH,p,N^  Calcu¬ 
lated  1b;  N14.2;  125.76. 

8.  Hydrolysis  of  the  azomethiite.  Preparation  of  the  bydrazone.  1.1  g  of  the  azomethine  obtained  in 
the  previous  experiment  was  dissolved  with  heating  in  50  ml  of  hydrochloric  acid.  0,3  g  of  pultrophenylhylrazlne 
dissolved  in  hydrochloric  acid  was  added  to  the  yellow  solution.  The  mixture  was  boiled  for  15  minutes.  An 
orange  flocculent  precipitate  formed  during  the  boiling.  After  recrystallization  from  acetic  acid,  the  product 

was  obtained  in  the  form  of  flzK  needles  with  m.p.  270*.  which  reversibly  change  color  upon  heating  It  did  not 
contain  iodine. 

9.  Coupling. of  L2-idimqbyl-5(6)-flltrobenzimldazole  methiodide  with  p^altrophenyldlazonlum.  3.3  g  of 
the  methiodide  derivative  was  dissolved  in  300  ml  of  w_rcr.  40  ml  of  pyridine  was  added,  aix)  a  soltzion  of  p- 
niirophenyklLazoniun\ obtained  by  (Sazotizing  1,4  g  of  p-nltroaniline  in  tire  usual  manner,  was  added  gradually 
to  this  mlulon.  cooled  to  +5*.  A  dark  ptec^itaie  formed  with  the  addition  of  the  dUzo  solution,  which  was  al¬ 
lowed  to  settle  at  the  end  of  the  reaction.  The  yield  of  the  crude  prodnet  was  2.4  g,  which  is  60lb  of  the  theo¬ 
retical.  To  piaify  the  product,  the  impurities  were  extracted  with  peuDleum  ether  in  a  Soxhlet  apparatus.  The 
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residue  after  the  extraction  was  boiled  with  a  small  amount  of  methyl  alcohol  for  a  final  icmoval  of  the  iraputlties 
which  were  more  soluble  in  the  alcohol  than  the  dye.  The  product  was  converted  into  a  ciystalline  state  during  this 
ptoc easing. while  the  color  changed  from  violet  to  dark  green.  The  dye  was  then  dissolved  in  pyridine,  filtered, 
and  precipitated  with  water.  The  melting  point  of  the  p«re  product  was  266*.  The  dye  was  readily  soluble  In  pyri¬ 
dine  and  dioxane  with  an  intense  violet  colot.  It  was  partially  soluble  in  alcohol  and  acetone  with  a  dark  ted  color. 

O.H26gsubs.r  24.5  ml  N, (24*.  754  mm).  0.1048 g  subs.;  22.9  ml  N, (24*.  754  mm).  Found  N  24.8. 
24.91.  CuHjPafV  Calculated  1b;  N  24.71. 

10.  Preparation  of  o-bBtiophenylene  diamine.  31,-5  g  of  o-nitrochlorobenzcne  wai  refluxed  with  40  g  of 
aniline.using  an  air  condenser  for  3  hours.  The  reaction  product  was  poured  into  water,  acidified  with  hydrochloric 
acid,  and  the  unieacted  O'CitrochlorobenzeQe  was  steam  distilled.  The  reaction  product  separated  from  the  remaln- 
ii^  mixture  after  cooling  in  the  fonn  of  a  black  precipitate  from  whirii  o<.icrodiphenylamine  was  removed  by  ex- 
uaction  with  petroleum  ether  in  a  Soxhlet  apparatus.  Pure  o-niuodipfaenylamine  precipitated  from  the  petroleum 
ether  upon  cooling  in  the  form  of  orange  crystals  with  in.p.  75*. 

11.  Phenyl-o-pheaylenediamtne  (o-Amlnodiphenylamiae).  A  mixture  of  5  g  of  o-niuodiphenylamine  and 
20  g  of  sodium  sulfite  in  50  ml  of  ethyl  alcohol  was  refluxed  for  1.5-2  hours  with  efficieiu  stining.  The  mixture 
was  then  diluted  with  water,  acidified  with  hydrochloric  acid,  and  boiled  to  precipiute  the  sulfur.  After  filtra¬ 
tion  of  the  sulfur,  o-eminiodiphenylamine  was  precipitated  with  ammonia.  It  melted  at  79-80*  after  recrystalliza- 
tion  from  a  mixtire  of  alcohol  and  water. 

12.  l-Phenyl-2-methylben2imida2ole  methiodide.l -Phenyl-2 -methylbenzimidazole.  obtained  by  means  of 
a  method  reported  in  the  literature  [7],  was  heated  with  an  equimoleculat  amount  of  methyl  iodide  in  the  presence 
of  methyl  alcohol  for  4  hours  In  a  sealed  tube  at  140*.  The  cootents  of  the  tube  crystallized  in  the  form  of  a  light 
brown  mass.  The  reaction  product  was  ueated  with  warm  methyl  alcohol  in  order  to  separate  l-phenyl-2-metfayl- 
benzimldazole  methiodide.  The  insoluble  pan  was  a  brown  ciysulline  petiodide.  The  methiodide  was  precipi¬ 
tated  from  the  alcoholic  solution  with  ether.  It  was  obuined  in  the  focm  of  whlte^  needle-like  crysuls  with  m.p. 
ite,  217-218? 

0.1200  gsubs.:  8.7  ml  N,  (24*.  752  mm),  0.1775  g  subs.:  12JB  ml  N,  (24*.  752  mm).  0.1470  g  subs.; 
0.0982  gAgL  0.1880  g  0.1258  gAgL  Found  lb;  N  8.24.  8.07;  136,33.  36.19.  Calculated^; 

N8.00;  1  38.28. 

13.  l-Phenyl-2i)-dlmethy«aminostyrylbenzlmidazole  methiodide.  1.75  g  of  l-phcnyl-2-methyIben2imida- 
zole  methiodide  and  0.75  g  of  p-dimethylarninobenzaldehydeweieboiled  with  several  drops  of  piperidine  in  ethyl 
aclohol  solution  for  1  hour.  The  solution  gradually  became  intense  ted  After  cooling  and  dilution  with  water,  the 
Impute  reaction  pioducthadthe  form  of  an  oily  mass.  After  ueaiment  wkli  beu^eDe,  the  piodact  solidified  is  the 
form  of  a  red  powder  which  was  obtained  in  the  form  of  bri^r  red  needle-like  crystals  with  m.p.  179-180*  after 
tecrystallization  from  water.  The  yieM  of  the  product  was  1.5  g  after  ucatmem  with  benzene,  which  is  62.2^  of  the 
theoieticaL 

0.1182  g  subs.;  9.1  ml  (24*.  762  mm).  0.1074  g  subs.;  8.3  ml  N|(24*.  762  mm).  0.2355  g  subs.; 
0.1150  gAgL  0.2014  g  stbs.:  0.0980  g  AgL  Found  1b;  N  8.85.  8.9;  126.4.  26.32.  Calculated  *?>; 

N  8.7;  I  26.4. 

14.  Attempts  to  Condense  l-Phenyl-2-methylbenzimidazole  methiodide  with  p-^a^osodimet^ylanillne.  An 
attempt  to  condense  the  staning  products  in  alcoholic  solution  in  the  presence  of  piperidine  was  unsuccessfuL  Jpon 
diluting  the  solKion  with  ether,  the  starting  imidazole  was  recovered. 

15.  Attempted  Azo  Coupling  of  1-Phenyl -2 -methylbenzimid azole  methiodide.  Attempts  were  made  m  azo 
couple  with  p-nitrophenyldiazonium  in  alcohoL  glacial  acetic  acid,  and  pyridine.  However,  these  attempts-did  not 
lead  to  positive  results. 

16.  l-Phenyl-2-p-dimethylaminostyryl-5-mtrObenzimidazole  methsodide.  2  g  of  l-phenyl-2-inethyl-5-nttio- 
benzlmidazole  methiodide.  synthesized  according  to  a  luerature  method  [51  and  0.75  g  of  p-dimethylamlnobe.nzal- 
dehjde  was  boiled  for  1  hour  with  10  ml  of  acetic  anhydride.  The  solution  acquired  a  claret  color  vriih  the  boiling. 
After  cooling,  violet  needles  with  a  green  sheen  separated  from  the  solution.  The  yield  of  the  product  was  1.5  g 
which  is  66t4^of  the  theoreticaL  Upon  recrystallization  from  acetic  anhydride,  orange-red  crystals  with  m.p.  245  , 
or  violet  needles  with  a  green  sheen  with  the  same  melting  polrs  were  obtained.  The  same  result  was  obtalred 
upon  recrystallization.from  alcohol.  It  must,  however,  be  mentioned  that  the  violet  crystals  are  easily  obtained 
from  alcohol,  and  the  orange-red  from  acetic  anhydride. 
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Alulysis  of  the  red  product: 

0.1104  g  subs.:  10-5  ml  N*  (24*.  752  mm).  0.10S3  g  subs.:  10.3  ml  N, (24*.  752  ram).  0.1478g 
0.0667  gAgL  0.2110  g  subs.:  0.0940  g  AgL  Fomd  N  10.81,  10.76;  124,41,  24.09.  Calculated 

5>:  N  10.66:  124.14. 

17,  Condensation  with  ra-NitrobenzaldAyde.  Tbe  condensation  of  2  g  of  l-phenyl-2-methyl-5-ixitrobenziraid- 
azole  methiodide  with  an  equimoleculax  amount  of  m-nitrobenzaldeJryde  was  effected  In  alcohol  In  the  presence  of 
piperidine.  A  yellow  pieclpiute  formed  igon  boiling,  whose  yield  was  1.2  g  which  is  61.5^  of  the  theoreticaL 
.Poc  purification,  the  product  was  neated  with  hoi  alcohol  and  benzene,  then  dissolved  in  pyridine,  and  precipitated 
with  water.  The  purified  product  melted  at  220*  (with  decanposilioa). 

0.1120  g  subs.:  0.2122  g  CO,;  0.0370  g  Hp.  0.0991  g  subs.:  12.5  ml  N,  (23*.  769  mm).  O.lOlO  g  subs.: 
12.8  ml  N, (25*.  770  mm).  Found  C  65.1;  H  3L7;  K  14.7.  14.63.  C,iH,P4N4  Calculated C  65.28;  H  3.62; 

N  14.5. 

13.  i-Pfaenyl-2 -methyl -6-nittobenzimidazole  ethiodide.  5  g  l-phenyl-2-methyl-5-nitiobenziroIdazole  was 
heated  with  2  ml  of  ethyl  iodide  anl  5  ml  of  ethyl  alcohol  for  4  hoars  at  140*  in  a  sealed  tube.  The  reaction  piod- 
uct,  a  brown  crystalline  mass,  was  treated  with  methyl  alcohol;  tbe  erhiodide  separated  from  the  solision  upon  the 
addirdon  of  ether  in  the  form  of  yellow  crysuls  wim  m.pL  266*. 

0.2032  g  subs. :  18.3  ml  N,  (23*.  760  mm).  0.1864  g  subs.:  17  ml  N,  (23*.  760  mm).  0.2127  g  subs.: 

0.1220  gAgL  0.3039  g  subs.:  0.1736  g  AgL  Fosod  V.  N  Sl.OL.  S0.89;  110.39,  10.52,  C„HjP,N,L  Calculated 
N  31.06;  110.27. 

19.  Condensation  of  the  Ethiodide  with  m-?ggt)benzaldehyde.  1.6  g  of  l-phenyl-2*methyl-5-nitrobcnzimlda» 
zole  ethiodide  was  condensed  with  0.6  g  of  m-ohrobeezaVdehyde.  keeping  the  conditions  of  the  condensation  of  the 
methiodide  with  m-nitiobenzaladehyde.  The  purified  condensation  product  had  the  same  melting  poirtt  (220^.  A 
mixed  sample  of  both  producu  melted  at  220*. 

0.1214  g  subs.:  0.2900  g  CO,;  0.0412  g  Hp.  0.1100  g  s;*s.:  13.8  ml  N,  (24*.  768  mm).  Found 
C  65.2:  H3.79;  N  14.6.  C^HiP^N^  CalcoUtedV  C  65.2S:  H  3.62:  N  14.5. 

20.  Attempts  to  Condense  1-Pfaenyl -2 -methyl -6-niirobenzimidazole  methiodide  with  p-hEtrosodlmethyl- 
anillne.  An  attempt  was  made  to  condense  the  above  products  in  alcohol  with  the  addition  of  piperidine  ot  sodium 
carbonate.  Neither  in  the  first  or  the  second  case  was  the  expected  product  obuined.  The  starting  imidazole  was 
recovered  from  the  solicion  by  means  of  ether. 

21.  Coupling  of  l-Phenyl-2 -methyl -S-flltrobeaziiiiidazole  laethiodide  with  p-NUrophenyldlazonlurn.  4  g  of  the 
methiodide  was  dissolved  in  500  ml  of  water  and  40  ml  of  pyridine.  A  diazo  solution  prepiared  from  1.4  g  of  p-niirO' 
aniline  and  neutralized  with  sodium  acetate,  was  added  diojrwise  to  this  solution  at  0*.  A  violet  color  appeared,  and 
the  formation  of  a  dark  precipitate  occurred.  The  precipitate  was  allowed  to  settle  and  was  filleted.  To  remove  the 
Irapiaities  from  the  dye.  it  was  extracted  with  petrolesm  ether,  and  then  boiled  with  ethyl  alcohoL  A  panial  solu¬ 
tion  of  the  dye  occtired,  but  the  main  piart  of  the  dye  remained  ondissolved  and  was  converted  to  the  crystalline 
sute,  as  a  result  of  which  it  changed  from  violet  to  dark  green.  After  such  treatment,  the  dye  was  dissolved  in  pyri¬ 
dine.  and  then  precipitated  from  the  solution  with  water.  The  pnirc  pModuct  melted  at  292*. 

0,1012  g  subs. :  0.2225  g  CO,;  0.0320  g  Hp.  0.0676  g  subs,:  12.3  ml  N,  (23*.  762  mm).  0.0824  g  subs,: 
15.1  ml  N,  (23*.  762  mm).  Found  Is:  C  60.0;  H  3153;  N  21.04.  21,18.  C^H^p^N,.  Calculated  C  60.12;  H 

3.5;  N  20.82. 

22.  Coupling  of  l~Fheny  1-2 -methyl -S-nltroberzimldaz ole  erhifvllde  with  p-Nitiot^enyldlazonlum.  The 
coupling  of  the  ethiodide  was  conducted  under  the  same  conditions  as  that  of  the  methiodide.  The  product  ob¬ 
tained  melted  at  292*  after  thorough  purification. 

0.1104  g  subs. :  0.2428  g  CO,;  0.0355  g  Hp.  0.0987 g  subs.:  18  ml  N,  (23*.  762  mm).  Found 

C  60.02;  H  3.59:  N  21,09.  Calculated^  C  60,12;  H  3,5;  N  20.89. 

23.  2-Amino-2.4-dinitrodiph€nylamlne.  20.2  g  of  dinltrochlorobenzene  was  mixed  with  10.8  g  of  o-jiienyl- 
ene  dla.Tiine.  8.2  g  of  sodium  acetate  and  50  ml  of  eiiyl  alcohol  were  added  to  the  mixture  which  was  then  boiled 
on  the  water  bath  for  1  hour.  A  crysialline  precipitate  foin^ed  u;»n  boiling  which  consisted  of  a  mixture  of  red 
rhombic  and  yeilow  needle-like  c.-y$tals.  After  cooling,  tbe  precipiute  was  filtered  and  washed  with  hot  water  to 
remove  the  sodium  chloride  formed.  The  yield  of  the  condensaiioa  pcoduct  was  22  g  which  is  SO.S^k  of  the  theo¬ 
reticaL  The  product  was  recrysullized  from  alcohol  and  glacial  acetic  acid.  Yellow  needles  formed  upon  rapid 
cooling  in  jie  furst,  and  in  the  second  ca;e.a  mixivze  o:  yeilow  and  ted  crystals  upon  slow  crxiling.  Tbe  yellow. 
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as  well  as  the  ted  product  melted  at  151*.  The  yellow  substance  reddened  when  close  to  the  melting  point. 

Analysis  the  ted  product: 

0.1156  g  sub*.:  0.2220  g  CO,:  0.0391  g  H/>,  0.1248  g  subs.:  0.2395  g  CO,;  0.0435  g  Hp.  0.1181  g 
subs.:  10.9  ml  N,(24*.  764  mm).  0.1205  g  subs.:  21.4  ml  N,(24*.  764  mm).  Found  *>»;  C  52.4,  52.37;  H  3.78. 
3.81;  K  20.52.  20.6  Cj,HiP4N4.  Calculated  ib;  C  h2.65;  H  3.65;  N  20.43. 

24.  2-Acetylamino-2.4-dinigodipnenylamlnc.  2.76  g  of  2-amlno-2.4-dLaitrQ]iphenylamine  was  boiled  for  a 
short  time  with  2  ml  of  acetic  anhydride  and  10-15  mi  of  acetic  acid.  The  subsunce  went  into  solution  upon 
boiling,  from  which  bright  yellow.scaly  crystab  sepamied  after  cooling.  The  yield  of  the  product  was  2.9  g  which 
is  92^  ol  the  theoretical;  m.p.  235*. 

It  was  hydrolyzed  upon  prolonged  boiling  with  4N  hydrochloric  actd  with  the  formadon  of  the  hydrochloride  and. 
of  the  starting  2 -amino-2. 4-dinitiodirhenyhmine.The  Utter  was  a  yellow  crysulline  substance  with  m.p.  147*.  It 
was  recrystallized  from  dilute  hydrochloric  acid;  even  boiling  with  water  converted  it  imo  the  starting  2-emlno-> 

2.  l-diruirod  iphenyla  mine. 

AnalysU  of  the  acetyl  derivative: 

0.1218  g  subs.:  0.2294  g  CO,:  0.0403  gHp.  0.1CG5g  subs.:  0.2031  g  CO,;  0.0357  g  Hp.  0.1182  g 
subs.;  18.2  ml  N,  (25*.  762  mm).  0.1202  g  subs.:  18.8  ml  N,(25*.  762  mm).  Found  %  C  51.4,  51.32;  H  3.7. 

3.75;  N  17.78.  17.9.  C,4HuO,N4.  CalcuUted  lb;  C  61,63;  H  3.58;  N  17.7. 

25.  2-Diacetylamino-2,4-dinitrodiphenylamin<^.  6.5  g  of  2-amlno-2.4-dinitrodiphenylamine  was  heated 
with  20  ml  of  acetic  anhydride  for  2  hours  at  180*  in  a  sealed  tube.  The  contents  of  the  tube  were  a  yellow  crystal¬ 
line  subsunce  after  cooling.  The  yield  of  the  product  was  6.1  g  which  it  85.2f^  of  the  thecretkaU  After  recrystal- 
lization  from  alcohol,  die  product  was  obuined  in  the  form  of  light  yellow.thiny  platelets  with  m.p.  189*  (with  de¬ 
composition).  Even  upon  short  boiling  in  alcoholic  solution  in  the  presence  of  several  drops  of  piperidine,  the  prod¬ 
uct  eliminated  one  acetyl  group,  anl  was  transformed  into  the  monoacetyl  deilvatlve. 

0.1156g  subs.;  0.2265  g  CO,;  0.0423gHp.  0.1311  g  subs.;  0.2569  g  CO,;  0.0447  g  Hp.  0.12l2g 
si*s.;  16.8  ml  N,  (25*.  756  mm).  0.1014  g  subs.:  1 3. 8  ml  N,  (24*.  756  mm).  Found C  53.46.  53.47;  H 
4.09,  3.82;  N  15.85,  15.55.  C:P,p,N^  Calculated^;  C  53.63;  H  3.91;  N  15.6. 

26.  l-(2.4-Dinitro)-phenyl-2-methYlbenzlmldazole.  3  g  of  the  dlaceiyl  derivative  was  heated  with  20  ml 
of  4N  hydrochlotk  acid  for  2  hours  at  170*  ip  a  sealed  tube.  After  opening  the  tube,  the  transparent  solution  was 
poured  Into  a  beaker,  diluted  with  60  ml  of  water,  and  the  reaction  product  precipiuted  with  ammonia.  The  yel¬ 
low  precipitate  was  filtered,  dried,  and  recrysuUized  from  benzene.  The  yield  of  the  crude  product  was  2.35  g, 
which  is  94*^  of  the  theoretical.  After  tecrystalliza’ion,  the  product  was  obtained  in  the  form  of  yellow  shuqf 
platelets  with  m.p.  179*.  The  pioduct  was  also  reciyiiallized  from  dllure  alcohoL 

0.1244  g  subs.:  0.2562  g  CO,;  0.0389  gHp.  0.1155  g  subs.:  0.2377  g  CO,;  0.0372  g  Hp.  0.1048  g 
subs.:  17.2  ml  N,  (23*.  762  mm).  0.1135  g  subs.:  18.7  ml  N,  (23*.  762  mm).  Found  C  56.2,  56.1;  H  3.5. 

3.6;  N  18.90,  19.03.  CuH,P4N4,  Calculated  1b;  C  66.39;  H  3.36;  N  18.79. 

As  stated  above.  l-(2.4-dinit;o)-phenyl-2-mcthylbcnzlmldazole.  In  spile  of  the  presence  of  a  strong  electro- 
phillic  residue  (dinitrophenyl)  in  the  molecule,  was  found  to  be  incapable  of  partkipating  in  condensations  with 
aldehydes  and  nitioso  compounds  under  various  conditloni. 

SUMMARY 

1.  The  main  factor  in  the  Increase  of  the  activity  of  a  methyl  gioup  is  the  positive  charge  on  the  nitrogen 
atom  in  conjugation  with  this  group.  This  charge  directly  strer^tbens  the  polarization  of  the  carbon  hydrogen  bond 
in  the  methyl  group. 

2.  The  effect  of  niuo.  phenyl,  and  diniaophenyl  groups  conjugated  with  the  imino  group  of  the  imidazole 
ting  can  only  be  considered  indirect,  and  results  from  the  blocking  of  the  unshared  pair  of  electrons-of  the  second 
nitrogen  atom,  and  in  the  same  way  as  in  the  case  of  the  presence  of  an  ocium  nitrogen,  to  remove  the  possibility 
of  decreasing  the  positive  charge  of  the  nitrogen  atom.  The  strongest  supplementary  activating  groig)  in  this 
case  is  the  nitro  in  position  5  of  the  benzimidazole  ring. 

3.  The  above  groups  do  not  have  any  notkeablc  effect  on  the  methyl  group  when  introduced  into  an  imida¬ 
zole  ring  which  larks  an  onium  nitrogen 
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CLEAVAGE  OF  LIGNIN  WITH  METALLIC  SODIUM  IN  LIQUID  AMMONIA 
VL  ACTION  OF  META  LUC  SODIUM  IN  LIQUID  AMMONIA  ON  FIR  WOOD 

A.  F.  Semechkina  aad  N.  N.  Shorygina 


Several  yean  ago.  the  aiahors  found  that  lignlD  hoiked  fiom  fir  wood  was  cleaved  by  the  action  of  metallic 
sodium  In  liquid  ammonia  at  *-33*  into  low  mcleculai  substances  among  which  a  considerable  pan  were  phenolic  der¬ 
ivatives  of  pbenylpropane.  It  was  also  shown  that  natural  lignin  not  isolated  from  the  wood  was  also  cleaved  by  an¬ 
alogous  treatmem  under  the  same  conditions  with  the  formation  of  phenolic  substances  soluble  in  ether  [1  -6], 

Freudenberg  atsd  co-workers  [6]  treated  fu  wood  flour  with  metallic  poussium  in  liquid  ammonia  solution  at 
20*.  The  wood  was  cleaved  into  the  following  components:  cellulose  with  a  yield  of  46  -48^  of  the  weight  of  the 
wood  used,  which  coatained  nono cellulose  impurities:  lignin  with  a  yield  of  26  -28^  of  which  a  part  (16  -18^)  of 
the  weight  of  the  wood,  was  soliiile  in  methanoL  part  (3^)  was  soluble  in  acetic  acid,  and  part  (7  -8^)  was  in¬ 
soluble  in  these  solvents,  but  was  soluble  in  dilute  alkalies,  and  3-pentosans  with  a  yield  of  5^  of  the  weight  of  the 
wood.  According  to  Freudenberg.  the  main  part  of  the  pentosans  was  destroyed  by  metallic  sodium  in  ammonia. 
Freudenberg  isolated  no  individual  lower  molecular  compounds. 

It  seemed  importau  to  determine  whether  or  not  phenols  which  were  isolated  from  copper  amrrxinium  fir 
lignin,  are  obtained  by  the  cleavage  of  natural  lignin  (unisolated  from  the  wood  fibers).  An  affirmative  answer 
would  show  the  close  resemblance  between  the  structures  of  natural  and  isolated  lignin. 

In  contrast  to  Fteudenberg.  who  worked  with  small  amounts  of  wood  (5  g  of  fir  flour),  the  authors  treated 
30-50g  of  fine  fir  shavings  with  metallic  sodium  solution  in  one  experiment.  The  reaction  was  conducted  at  a  tem¬ 
perature  below  the  boiling  point  of  amrrtonia.  As  a  result,  the  wood  was  cleaved  into  the  following  components: 
cellulose  with  a  yield  of  34.4'Jk.  hemicelluloses.  with  a  yield  of  Z.Z%  and  lignin  with  a  yield  of  9.2^.  In  addition, 
lower  molecular  producu  soluble  in  ether  were  obtained  with  a  yield  of  7.5^,  and  products  of  the  desuuction  of  car¬ 
bohydrates  and  lignin  soluble  in  water,  with  a  yield  of  12.3^.  28^  of  the  weight  of  the  wood  could  not  be  ac¬ 
counted  for.  The  cellulose  was  a  light,  almost  white,  fibrous  mateiial.w<th  the  following  composition:  (in'Sb): 

C  44.0,  H  6.38,  OCK|  0.99.  The  hemicelluloses  (substances  soluble  in  alkali  and  insoluble  in  alcohol),  which 
were  a  powder-like  product,  liad  the  composuion  (in  ^):  C  44.76.  H  6.45,  OCH|  2.03. 

The  presence  of  methoxyl  groups  in  the  cellulose,  as  well  as  in  the  hemicelluloses,  even  with  a  somewhat 
lower  carbon  content,  is  of  great  interest.  It  indicates  that  the  presence  of  methoxyl  groups  is  not  caused  by  im¬ 
purities  of  the  lignin  hydiocarbons.which  are  completely  separated  under  the  reaction  conditions  used,  but  ate  the 
result  of  the  presence  ci  these  gioups  in  the  carbohydrates  themselves. 

An  analogous  cooclusion  was  rmde  by  Freudenberg  for  beech  wood  carbohydrates.  He  obtained  sub¬ 
stances  of  carbohydrate  character  containing  a  considerable  amount  of  methoxyl  groups  by  the  treatment  of  beech 
wood  with  metallic  potassium  in  liquid  ammonia.  Freudenberg  did  not  mention  anything  on  the  formation  of 
methylated  carbohydrates  from  fir  wood  on  treating  it  with  potassium  in  liquid  ammonia. 

Dihydroeugenol  was  Isolated  from  the  ether -soluble  lower  molecular  products  of  the  decomposition  of  the 
wood,  and  was  identified  in  the  form  of  the  benzoate.  Gharacteristically.  a  consuletably  higher  amount  of  lower 
molecular  phenolic  subsxaDces,based  on  the  amount  of  lignin  in  the  wood  (24.75^  of  the  weight  of  the  lignin  de¬ 
termined  in  the  wood  by  means  of  the  sulfiaic  acid  method)  was  obuined  from  the  fir  wood  by  a  smgle  treatment 
with  metallic  sodium  in  liquid  ammonia,  than  from  the  isolated  lignin  (about  8^).  The  lower  molecular  substances 
were  obtained  with  a  total  yield  21^.  <t.  y  "fi.i  •  .*n^  ti.  *t..  cuts  of  the  copper  ammonium  fir  lignin  with  a  solution 
of  sodium  in  liquid  ammonia  [1]. 

The  yield  of  the  lignin  obtained  from  the  fit  wood  upon  treatmea  with  metallic  sodium  in  liquid  ammonia 
was  found  to  be  vety  smalLand  was  only  9,1?^  of  the  weight  of  the  wood  (30,33‘>>  of  the  amount  of  lignin  determined 
in  the  wood  by  the  sulftaic  acid  method).  The  lignin  had  the  form  of  a  yellowish  powder,  the  following  composition 


1673 


C  60.55,  H  6.58,  OCH,  £.45.  The  meihoxyl  groupscontenr  in  the  lignin  must  be  explained  by  the  fact  that 
paxt  of  them  contained  in  the  lignin  were  cleaved  under  the  conditions  of  the  reaction.  If  the  amount  of  lower 
molecular  acidic  products, which  were  soluble  in  ether  fomied  during  the  cleavage  with  metallic  sodium.  *nd  which 
were,  evidently,  obtained  from  the  lignin,  was  added  to  the  amount  of  lignin  isolaied  from  the  reaction  mixture, 
then  the  toul  yield  of  the  lignin  would  be  9.2  ♦  7.5  =  16.7^.^ 

Part  of  the  products  of  the  destruction  of  the  lignin  cln  be  found  in  the  water  soluble  decomposition  pro- 
ducis.slnce  these  products  are  always  formed  to  an  extent  of  about  20^  of  the  isolated  lignin  during  the  treatment 
with  a  solution  of  sodium  In  liquid  ammonia.  ?  these  resula  are  conditionally  applied  for  natural  lignin,  too. 
then  the  amount  of  lignin,  together  with  its  destruction  products,  is  again  increased  by  6.06^  (20'J>  of  ao.a*^),  and 
Is,  therefote,  16. 7*  6.06  =  22.76^  of  the  weight  of  the  wood  The  yield,  based  on  the  “sulfuric  acid  lignin*  con¬ 
tained  In  the  wood,  is  equal  to  75.1^. 

It  is  iraeieating  that  Freudenberg  and  co-workers  septaraied  almost  all  of  the  lignin  contained  in  the  wood 
by  treating  wood  flour  with  a  solution  of  meuilic  potassium  la  liquid  ammonia  at  20*.  A  considerable  amount 
(16  -18^  of  the  weight  of  the  wood)  contained  15. SG*?*  of  methoxyl  groups.  l.e..  it  was  only  slightly  cha.nged 
lignin  (h  was  soluble  iu  CH^H). 

An  intense  decomposition  of  part  of  the  lignin  to  lower  moleculai  substances  occurred  in  the  author's 
experiments. 

The  fact  of  the  easy  sejMuaiion  of  the  lignin  from  the  caibohydtates  leads  to  the  suggestion  that  it  is  bound 
with  the  carbohydrate  comp>onents  in  the  walls  of  the  vegetable  skeleton  by  chemical  bonds  which  are  readily 
cleaved  by  metallic  sodium. 

It  is  known  that  simple  ether  bonds  are  cleaved  by  metallic  sodium  under  these  conditions  with  a  varying 
degree  of  facility,  which  depends  on  their  nature.  Aromatic  ethers  are  cleaved  very  easily,  aralkyl  le»  readily, 
and  the  aliphatic,  not  at  all  p,  8].  The  presence  of  aromatic  ether  bonds  in  the  lignin  carbohydrate  complex  is 
impossible.  Aliphatic  ether  bonds  are  excluded  on  the  basis  of  experimental  results.  Therefore,  only  the  aralkyl 
ether  bond  remains.  However,  on  the  basis  of  the  known  facts,  it  is  difficult  to  imagine  how  aralkyl  ether  bonds 
could  be  cleaved  quantitatively  under  the  conditioa  of  the  experiment. 

It  is  known  that  glicosides  with  alipdutic  aglucones  are  not  cleaved  by  sodium,  but  ghco  sides  with  atomatic 
aglucones  are  in  certain  cates.  Thus,  phenylglucoside  was  cleaved  by  metallic  potassium  in  liquid  ammonia  [6). 
Conlfeiln  is  partially  cleaved  by  a  solution  of  metallic  sodium  in  liquid  ammonia;  arbutin,  however,  is  not  cleaved 
at  all  [8]. 

It  is  possible  that  &e  carbohydrates  are  combined  with  lignin  in  the  vegetable  fibea  by  means  of  ketal 
01  poly-ketal  bonds  resulting  from  the  ketoguips  in  the  lignin  and  the  hydroxyl  groupx  in  the  carbohydrates.  It 
is  legreiiablethat  up  to  now  there  arc  no  data  on  the  stability  of  ketals  from  the  lignin  type  keio  groups  and  the 
hydroxyl  groups  of  carbohydrates  to  the  actlonof  sodium  in  liquid  ammonia.  Wc  know,  however,  that  benzophe- 
none  dimethyl  ketal  is  almost  completely  cleaved  by  a  solutionof  sodium  In  liquid  ammonia  at  -33"  [8). 

EXPERIMENTAL 

A  i^ece  of  the  trunk  of  a  freshly.<ut  25-ycar  old  fir,  cut  Im  from  the  toot  and  2  m  in  length,  was  cleaned 
from  v,ork  and  was  converted  into  thin  shavings.  An  average  sample  of  the  shavings  was  dried  in  a  desiccator 
over  phosphoric  anhydtide,and  analyzed. 

Composition  of  the  wood:  cellulose; by  the  chloroform  method,  53A\  pemosars  (according  to  Tollins), 
11.2*%  lignin  by  the  F.  P.  Kb  maiov  modification  of  the  sulfuric  acid  method,  28.4*5fe. 

30  g  of  the  Savings  was  extracted  twice  by  an  alcohol-benzene  mixture  (1 :  1)  and  aeated  2  limes  at 
room  temperature  with  a  b*%  solixion  of  sodium  hydroxide  with  shaking  in  order  to  remove  the  hemlcellulosc  part. 
The  shavings  were  washed  with  water.  2%>  acetic  acid  solution,  and  again  with  water,  and  dried  first  in  the  air,  and 
then  over  phosphorus  pentoxidc  The  yield  of  the  purified  shavings  was  91.4‘?t  of  the  starting  ones.  The  amount  of 
lignin  in  the  shavings  treated  in  this  manner  was  30.3‘>.  (according  to  F.  P.  Komarov's  method). 

^  f^^***^*^  shavings  were  poured  Into  a  reaction  vessel,  placed  in  a  Urge  Dewar  vessel,  and  covered 

with  1000  ml  of  liquid  ammonia;  100'^  of  the  weight  of  the  wood  of  metaUic  sodium  was  added  to  U  in  several 

1  ’T*  !*'*»*"“  completed  In  7  days  (decolorlzatlon  of  the  am- 

»  ut  n  .  oisv  ether  was  added  to  the  residue  after  the  removal.of  the  ammonia,  and  the  reaction  -nlxture 
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was  left  to  stand  overnight;  the  ether  was  then  poured  off,  and  water  was  added  to  the  residue.  A  considerable  amount 
of  the  reaction  mass  dissolved. 

Isolation  of  cellulose,  The  eialre  mass  was  extracted  with  ether,  the  water^nsoluble  residue  was  filtered 
from  the  alkaline  solution,  washed  with  dilute  alkali  solution,  then  with  water,  and  dried,  fint  in  the  air.  and 
then  over  10.32g  cellnloce  was  obtained  in  the  form  of  an  aknost  white  fibtous  material.  It  had  the  follow¬ 

ing  elementary  composition: 

4.261,  4.308  mg  substance:  6.870,  6.845  mg  CX),;  2.430,  2.440  mg  HjO.  Found  C  44.00,  43.99; 

H  6.38,  6.37.  Calculated  C  44.44;  H  6.15.  16.56,  15.67  rag  substance;  1.6,  1.49  ml 

0.02  N  Na^spy.  Found  *>>:  OCH,  1.0,  0.98. 

Isolation  of  the  lower  molecular  phenolic  substances.  The  aqueous  alkali  solution  remaining  after  the 
removal  of  the  cellulose,  was  extracted  with  ether.  The  ether  extracts  were  dned.  and  the  ether  was  removed. 

The  residue,  0.37  g  (1.23^  of  the  weight  of  the  wood),  was  a  transparent, oil-likq  light  yellow  liquid,  ft  was 
vacuum  distilled  at  0.1  mm.  0.2  g  of  an  almost  colorless  oil-like  liquid  was  obtaitted. 

0.2  g  of  the  substance,  1.2  g  of  benzoyl  chloride,  and  10  g  of  a  15^  sodium  hyioxide  solision  were  shaken, 
whereby  a  crystalline  mass  formed  rapidly.  The  crystals  melted  at  74*  after  recrystallization  from  alcdroL  A 
mixed  melting  point  with  dihydroeugenol  benzoate  gave  no  depression. 

The  aqueous  alkali  solution  after  exuaction  with  ether,  was  acidified  to  Congo  with  10^  sulfuric  acid. 

A  voluminous  precipitate  of  lignin  and  hemicelluloses  formed  The  mixture  (acidic  solution  and  precipitate) 
was  extracted  many  times  with  ether.  The  ether  extracts  were  dried,  and  the  ether  was  removed. 

1.88  g  of  a  thick  dark  liquid  (6.27^  of  the  starting  wood)was  obtained.  The  liquid  was  distilled  at  0.1 
mm.  Two  fractions  were  obtained,  and  a  considerable  amount  of  the  substance  tarred. 

Fraction  1  boiled  below  100*  at  0.1  mm  and  was  a  clear  mobile  oil;  0.45g. 

3.360  mg  substance:  8.825  mg  COj:  2.634  mg  Vffi.  Found  C  71.66;  H  8.77.  C|fHjP|- 

(dihydroeugenol).  Calculated  C  72.28;  H  8.43. 

The  substance  formed  a  crystalline  benzoate  melting  at  68-  71*  upon  shaking  with  benzoyl  chloride  and 

alkaU. 

5.130  mg  substance:  14.284  mg  CO|:  2.559  mg  Hp.  Fouixl  C  75.67;  H  6.44.  C^HiPa. 

Calculated  C  75.53;  H  6.71. 

The  benzoate  obtained  meUed  at  68  -71*  when  mixed  wicn  dihydroeugenol  benzoate.  A  mixed  sample 
with  eugeivol  benzoate  (m.p.  68  -70*)  gave  a  deptesuon  and  melted  at  57-60*.  Tbereioie  fraction  1  obtained 
by  the  distillation  of  the  ether  extracts  of  the  acidified  reaction  mixture  was  also  dihydroeugenol. 

Fraction  2,  a  thick,  syrupy  liquid  boiled  above  100*  at  0.1  mm;  ft  was  not  identified. 

Isolation  of  lignin.  The  precipitate  which  formed  on  the  acidification  of  the  alkaline  solution  with  lOlb 
sulfixic  acid,  was  filtered,  after  the  extractionof  the  entire  mass  with  ether,  on  a  glass  filter,  and  then  treated 
.many  times  with  hot  alcohol.  The  combined  alcoholic  exnacts  were  dried  wld)  anhydrous  sodium  sulfate,  and 
the  alcdiol  was  distilled  in  vacuum  to  a  small  volume.  The  liquid  was  poured  into  a  small  dish  and  left  in  a 
vacuum  desiccator  over  sulfuric  acid.  Several  days  later,  the  dry  residue  was  Dansfened  into  a  desiccatoi  con¬ 
taining  phosphorus  pentoxlde 

The  yellowish  powdered  dry  lignin  weighed  2.76  g  (9.2^  of  the  weight  of  the  wood  taken). 

4.027,  4.405  mg  substance:  8.931,  9.780  mg  CO|;  2.378,  2.630  mg  Hp.  19.04  mg  substance: 

17,36  ml  0,02  N  Ma|Sp,.  Found  C  60.52.  60.58;  H  6,66.  6.51;  OCH,9.43w 

2  g  of  the  lignin  obtained  was  covered  with  100  ml  of  liquid  ammonia;  pan  of  the  lignin  dissolved,  the 
other  pan  became  plastic  and  was  converted  imo  a  soft  state.  2  g  of  metallic  sodium  was  added  to  the  mixtoie, 
and  the  reaction  and  the  processingwere  conducted  in  the  usual  manner.  The  low  molecular  products  were  not 
investigated  because  there  was  very  little  of  them,  and  the  undecomposed  lignin  was  analyzed. 

3.538.  mg  subsunce:  8.395  mg  COj;  2.070  mg  Hp;  4.94  ml  0.02  N  Na|Sp^  Found 

C  64.75;  H  6.55;  OCH,  9.08. 
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Isolation  of  ihe  bemlcellulo&es.  After  the  removal  of  the  lignin,  the  alcohol'insoluble  tesidne  was  dtied^ 
first  In  the  air,  and  then  over  P|Pa  The  hemicelluloses  (Stained  were  in  the  form  of  a  grayish  powder. 

7.070.  6,915  mg  snbsunce:  11.545.  11.370  mg  COj:  4,065,  4.006  mg  Hp.  4.84  iqg  substance: 

0.93  ml  0.2  N  Na^sp^  Foural  It:  C  44.56,  44.87;  H  6.43^  6.47;  OCH,  1.97. 

Caknlated  1^.  C  44.44;  H  6.15.  Cpp^  Calculated  C  45.46;  U  7.04. 

SUMMARY 

1.  Fir  wood  was  readily  cleaved  Into  its  components  by  treatment  with  a  solution  of  metallic  sodium 
liquid  ammonia  at  —33*. 

2.  The  isclated  polysaccharides,  cellulose  and  hemicelluloses  contained  a  small  amount  of  mettaoxyl 
groups  which  livlicated  that  not  all  of  the  methoxyl  groups, in  the  fir  wood  were  contained  in  the  lignin;  part 
of  them  belonged  to  the  carbohydrate. 

3.  The  ligain  was  decomposed  to  a  great  extent  by  the  action  of  meullic  sodium  In  liquid  ammonia  on 
tie  wood.  7.5^  of  the  weight  of  the  wood  or  24.6l()  of  the  lignin,  determined  by  the  sulfuric  acid  method,  was 
converted  into  lower  molecular  substances  soluble  in  ether,  and  partly  vacuum  distillable. 

4.  Dlhydroeugenci.  previously  obtained  from  isclated  lignin  by  treating  it  with  metallic  sodium  In  liquid 
ammonia,  was  isolated  from  the  desuuction  products  of  the  lignin.  This  indicated  the  close  relationship  between 
isolated  and  lututal  lignin. 
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